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Selective Cyclic Peptides

Obesity is widely recognized as a serious health problem for the developed countries, and

has reached epidemic status in the United States. More than 50% of the U.S. population is

considered overweight, with >25% diagnosed as clinically obese and at considerable risk for heart

disease, non-insulin dependent diabetes mellitus (NIDDM), hypertension, and certain cancers.

10 This epidemic presents a significant burden on the health care system as projected obesity

treatment costs ofmore than $70 billion annually are expected in the U.S. alone. Strategies for

treating obesity include reducing food intake or enhancing the expenditure of energy.

It has been demonstrated that, when injected into the third ventricle ofthe brain or

^ntraperitoneally, a cyclic heptapeptide analog of cc-melanocyte stimulating hormone (ocM.SH)

15 having melanocortin-4 receptor (MC4-R) agonist activity caused long lasting inhibition offood

intake h* niice. This effect was reversible when co-administered with a MC4-R antagonist. (Fan,

et al., Nature (1997) 385: 165-168) Therefore, agonists ofMC4-R activity would be useful in

treating or preventing obesity.
.

There aire five known melanocortin receptors based on sequence homology that ranges

20 from 35-60% homology between family members ((Cone, et al., Rec. Prog. Hormone Res. (1996)

51: 287-318), but these receptors differ in their functions. For example, the MC1-R is a G-protein

coupled receptor that regulates pigmentation in response to the aMSH, which is a potent agonist

ofMC1-R. (Cone, et al., ibid.). Agonism ofthe MC1-R receptor results in stimulation ofthe

melanocytes which causes eumelanin and increases the risk for cancer ofthe skin. Agonism of

25 MC1-R can also have neurological effects. Stimulation ofMC2-R activity can result in

. carcinoma of adrenal tissue. The effects ofagonism of the MC3-R and MC5-R are not yet

known. All of the melanocortin receptors respond to the peptide hormone class ofmelanocyte
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stimulating hormones (MSH). These peptides are derived from pro-opiomelanocortin (POMC),

a prohormone of 131 amino acids that is processed into three classes ofhormones; the

melanocortins (a, |3 andy), adrenocorticotropin hormone (ACTH), and various endorphins

(e.g. lipotropin) (Cone, et aL, ibid.). Because oftheir different functions, simultaneous agonism

5 ofthe activities ofmultiple melanocortin receptors has the potential of causing unwanted side

effects. Therefore it is desirable that an agonist ofMC4-R be more selective for the MC4-R than

for one or more ofthe other melanocortin receptors.

Haskell-Luevano, et aL (Peptides (1996) 17(6): 995-1002) disclose peptides that contain

the tripeptide (D)Phe-Arg-Trp and exhibit melanotropic (skin darkening) activity in the frog

10 (Rana pipiens) skin bioassay. Haskell-Luevano, et aL (ibid.) do not disdose any compound of

formula I or II described below.

Bednarek, et aL (Peptides (1999) 20: 401-409) and Bednarek, et aL (Biochem. Biophys.

Res. Comm. (1999) 261: 209-213) disclose analogs ofthe cyclic peptide MT-II. They do not

disclose any compound offormula I or II described below.

This invention provides a compound ofthe formula:

20 In compounds offormula I, R1
and R12

together withX and Y form a phenyl ring andX is

C and Y is C; or
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R1
is hydrogen, R2

I(NH)n

-3-

| NH ,
or

O

PCT/EP01/09630

R2—c-NH-CH C-NH ;
and

R12
is hydrogen; with either X andY being each G and the bond betweenX andY being a double

5 bond, or withX and Y being each CH and the bond between X andY being a single bond; R2
is

alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl

having from 2 to 5 carbon atoms; R14
is alkyl having from 1 to 5 carbon atoms; and n is 0 or 1, Q

is

10 wherein R3
, R4 and R5

are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms,

hydroxy or alkoxy having from 1 to 4 carbon atoms, wherein when R4
is not hydrogen, R3

and R"

are both hydrogen; R6
is hydrogen, alkyl having from 1 to 3 carbon atoms, alkoxy having from 1

to 3 carbon atoms, phenoxy, or halo; and Ru and R13
are each independently hydrogen, alkyl

having 3 or 4 carbons, or cycloalkyl having 5 or 6 carbon atoms or R11
and R13

are both phenyl;

15 R7
is O or NH; R8

is hydrogen or methyl. R9
is

R is hydrogen or methyl; p is 0 or 1; m is 0, 1, 2, or 3; Z is
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C— NH or and

R17
is hydrogen or lower alkyl, preferably methyl and pharmaceutical^ acceptable salts thereof.

The dotted bond in the compound offormula I is hydrogenated when X andY are each -

CH-. On the other hand, when the dotted bond is present, Y andX taken together with R1
and

R12
do not form a phenyl ring, andX andY are both tetravalent C atoms.

This invention also provides a compound ofthe formula:

/ OR9 Rio /

R3

R*

-NH

Ah,
II

In compounds offormula E, R1
is hydrogen,R2 (NH)n

jj
NH ,

or

O

Ra
ff r i

R C-NH-CH C-N

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl

having from 2 to 5 carbon atoms; R14
is alkyl having from 1 to 5 carbon atoms; and n is 0 or 1,

one ofR3
, R

4
, R5 and R5

is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy

having from 1 to 3 carbon atoms, and the remainder are hydrogen. R7
is O or NH. R8

is

hydrogen or methyl. R9
is
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R is hydrogen or methyl; p is 0 or 1; m is 0, 1, 2, or 3; Z is

O

—C— NH or S S .

R17
is hydrogen or lower alkyl, preferably methyl and phannaceutically acceptable salts thereof.

5 The compounds offormulas I and II as well as Penta-cycio(Asp-Lys)-Asp-Apc-(D)Phe-

Ala-Trp-Lys-NHk; and Penta-cydo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2S,3S) beta methyl-Trp-

Lys-NH2 are agonists ofthe MC4-R. It is known that agonists ofMC4-R activity cause reduction

of food intake in a mouse model ofhuman obesity. Therefore these compounds are useful in the

treatment or prevention of obesity.

10 All of the compounds offormulas I and II exemplified below as well as Penta-cyclo(Asp-

Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys-NH2; and Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-

(2S,3S) beta methyl-Trp-Lys-NH2were tested for MC4-R agonist activity and MCl-R agonist

activity in the in vitro assay described below in Biological Activity Example A. All ofthe tested

compounds had an EC50 for MC4-R agonist activity ofless than 500 nM, and all exhibited at

15 least 10-fold greater MC4-R agonist activity than MCl-R agonist activity. In contrast, the

compound Ac-Me-Cyclo(Asp-Lys)-Asp-His-(D)Phe-Arg-Trp-Lys-NH2 exhibited about equal

MCl-R and MC4-R agonist activities. ^

Nomenclature and Abbreviations

20 The term "alkyl" means a straight chain or branched alkyl group and the term "lower aDcyl"

denotes an alkyl group containing from 1 to 6 carbon .atoms. The term "alkenyl" means a

straight chain or branched alkenyl group. The term "alkynyl" refers to a straight chain or

branched alkynyl group.
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The term "alkoxy" means a group ofthe formula alkyl-O- in which alkyl is as defined

above. The term "phenoxy" means a group ofthe formula phenyl-O- - Except where otherwise

specified, "phenyl" refers to an unsubstituted phenyl ring and "phenoxy" refers to an

unsubstituted phenoxy group.

5 The term
,f

halo" means a group selected from fluoro, chloro, bromo, and iodo.

The term "pharmaceutically acceptable salt" refers to those salts which retain the biological

effectiveness and properties ofthe free bases or free acids, which are not biologically or otherwise

undesirable. The salts are formed with inorganic acids such as hydrochloric acid, hydrobromic

acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic acid,

10 propionic acid, glycolic acid, pyruvic acid, oxylic acid, maleic acid, malonic acid, succinic acid,

fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic add, mandelic acid,

methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, N-acetylcystein

and the like. In addition these salts may be prepared form addition ofan inorganic base or an

organic base to the free acid. Salts derived from an inorganic base include, but are not limited to,

15 the sodium, potassium, lithium, ammonium, calcium, magnesium salts and the like. Salts

derived from organic bases include, but are not limited to salts ofprimary, secondary, and

tertiary amines, substituted amines including naturally occurring substituted amines, cyclic

amines and basic ion exchange resins, such as isopropylamine, trimethylamine, diethyiamine,

triethylamine, tripropylamine, ethanolamine, lysine, arginine, N-ethylpiperidine, piperidine,

20 polymine resins and the like.

Compounds offormula IA are represented as follows:
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R12 jCH^

Y O R9 Rio

1—NH

IA

wherein R1

, R
3
, R4

, R5
, R7

, R8
, R

9
, R

10
, R12

,X Y, Z, m and p are as above and

pharmaceutically acceptable salts thereof.

In die compounds offormula IA, R1
and R12

together withX and Y form a phenyl ring; or

R1
is hydrogen, R2 (NH)„ C NH , Of

I

R14

R2 C-NH-CH C-NH ;
and

R12
is hydrogen, with eitherX andY being each C and thebond between X andY being a double

bond, or with X and Y being each CH and the bond betweenX and Y being a single bond; R2
is

alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyl

having from 2 to 5 carbon atoms; R14
is alkyl having from 1 to 5 carbon atoms; and n is 0 or 1.

R3
, R4

and R5
are independently hydrogen, halo, alkyi having from 1 to 4 carbon atoms, hydroxy,

or alkoxy having from 1 to 4 carbon atoms; wherein when R4
is not hydrogen, R3

and R5
are both

hydrogen. R7
is O or NH. R8

is hydrogen or methyl. R9
is
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R10
is hydrogen or methyl; p is 0 or 1; m is 0, 1, 2, or 3, Z is

—C— NH or S S- and

R17
is hydrogen or lower alkyl, preferably methyl

The dotted bond in formula IA can be hydrogenated When the dotted line is

hydrogenatedX and Y are both -CH-. On the other hand, when the dotted bond is present, Y
andX taken together withR 1

and R12
do not form a phenyl ring, X and Y are both the tetravalent

C atoms.

In one embodiment of the compound of formula IA, X and Y are each CH and the bond

between X and Y is hydrogenated to a single bond; Z is

—C—NH-

R7
is OjR1

is

R2—C— NH-

R2
is alkyl having from 1 to 5 carbon atoms; and R10

and R12
are both hydrogen. Examples of

such compounds include Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Cit-Trp-Lys-NH2 .

In another preferred embodiment of the compound offormula IA Z is

O

R7
is NH; R1

is hydrogen,

—C—NH-
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R2—(NH)n
—C NH ,or | ji" O

O R2—C-NH-CH—C-NH
;

R2
is alkyl; and R10

andR12
are both hydrogen.

In another embodiment ofthe compound offormula IA Z is

O

5

R7
is NH; R1

is

•C—NH-

R14

I . „R2 C-NH-CH—-C-N

R is alkyl; and R andR are both hydrogen.

In a more specific embodiment,X andY are each CH and the bond betweenX andY is

10 hydrogenated to a single bond; n is 0; andR9
is

<<H2

15

Examples ofsuch compounds include: Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-

(2)Nal-Lys-m2;andpenta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-N-methyl(2)Nal-Lys-NH2.

In another more specific embodiment ofthe compound offormula IA, Z is

O

II—C—NH

R7
is NH; R1

is
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R2 (NH)n 1 NH
;

O

R is alkyl; and R andR are both hydrogen; and R is

andR 17
is hydrogen or lower alyl, preferably methyl.

Such compounds indude those in whichX and Y are each CH and the bond between X
andY is a single bond; and one ofR3

, R4 and R5
is hydrogen, halo or alkyl and the remainder are

hydrogen, for example Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH2; Penta-

cydo(Asp-Lys)-Asp-4- MeApc-(D)Phe-Arg-Trp-Lys-NH2; Penta-cydo(Glu-Lys)-Glu-Apc-

(DjPhe-Arg-Ti^-Lys-NH^ Penta-cyclo(Asp-Orn)-Asp-Apc-(D)Phe-Arg-Trp-Orn-NH2; Penta-

cyclo(Asp-Dbr)-Asp-Apc-(D)Phe-Arg-Trp-Dbr-NH2 ;
Penta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-

Arg-Trp-Dpr-NH^ and Ac-cydo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2.

Another specific embodiment of the compounds offormula IA, are those compounds in

which X and Y are each CH and the bond between X and Y is a single bond; and R1

is

R2 (NH)n C NH

ft-

one ofR3
, R4

and R5
is alkoxy, and the remainder are hydrogen; and n is 0, for example Penta-

qrdo(Asp-Lys)-Asp-4-MeOApc-(D)Phe-Arg-Trp-Lys-NH2;Penta-cyd[o(Asp-Lys)-Asp-4-

EtOApc-(D)Phe-Arg-Trp-Lys-NH2;
Penta-cycIo(Asp-Lys)-Asp-4-iPrOApc-(D)Phe-Arg-Trp-

Lys-NH2;Penta-qrdo(Asp-Lys)-Asp-3-MeOApc-(D)Phe-Arg-Trp-Lys-KH2;Penta-q^cIo(Asp-

Lys)-Asp-4-OHApc-(D)Phe-Arg-Trp-Lys-NH2;andPenta-cyclo(Asp-Lys)-Asp-4-ClApc-

(D)Phe-Arg-Trp-Lys-NH2.
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Embodiments ofcompounds offormula IA include those compounds in which each ofR1

,

R3
, R

4
, R5

, R8
andR10

is hydrogen; R7
is NH; R9

is

CH-Ri?

and R is hydrogen or lower alkyl preferably methyl;

and p is 0, for example cyclo(succinic acid-Lys)-succinic acid-Apc-(D)Phe-Axg-Trp-Lys-NH2,

cyclo(maleic acid-Lys)-maleic add-Apc-(D)Phe-Arg-Trp-Lys-NH2, cyclo(succinic acid-Dpr)-

succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH
2> cydo(maleic acid-Dpr)-maleic acid-Apc-(D)Phe-

Arg-Trp-Dpr-NH2 .

'

In another embodiment ofthe compound offormula IA, R1
and R12

together withX andY
form a phenyl ring. Examples ofsuch compounds include CycIo(phthalic acid-Lys)-phthalic

acid-Apc-(D)Phe-Arg-Trp-Lys-NH2; Cyclo(phthalic acid-Dpr)-phthalic acid-Apc-(D)Phe-Arg-

Trp-Dpr-NH2;
and Ac-Nle-cyclo(Cys-Cys)-Cys-Apc-(D)Phe-Arg-Trp-Cys-NH

2.

Compounds of formula IB are represented by the formula:
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In the compounds offormula IB, R1
, is hydrogen,

PCT/EP01/09630

R2 (NH)n 1 NH-

O

or

|
R14 O

R2—C-NH-CH C-NH

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or alkynyi

having from 2 to 5 carbon atoms. Rl4
is alkyl having from lto 5 carbon atoms. N is 0 or 1. R6

is

hydrogen, alkyl having from 1 to 3 carbons, alkoxy having from 1 to 3 carbons, phenoxy, or halo;

R7
isO or NH. R8

is hydrogen or methyl. R9 is

10

or

R10
is hydrogen or methyl; p is 0 or 1;m is 0, 1, 2, or 3; Z is

O

15

—C— NH or S S ;
and

R17
is hydrogen or lower alkyl, preferably methyl and phannaceutically acceptable salts thereof.

In an embodiment ofthe compounds offormula IB, i.e., compounds offormula IB1, Z is

O

—C— NH— ;

R7
isNH; R1

is
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R2—C—NH ,

R2
is alkyl; R8 and R10

are each hydrogen; and R9
is

CH-R17

andR17
is as above

In a more specific embodiment ofsuch compounds offormula DB1, R6
is hydrogen or

alkyL Examples ofsuch compounds include: Penta-cyclo(Asp-Lys)-Asp-Appc-(D)Phe-A^

Lys-NH2rPenta-cyclo(Asp-Lys)-^^ ; Penta-cyclo(Asp-

Lys)-Asp-2-iPrAppc-(D)Phe-A^

Arg-Tip-Lys-NH2; and Penta-cydo(Asp-Lys)-Asp-4-MeAppc-(D)Phe-Arg-Trp-Lys-NH2 .

In another more specific embodiment ofsuch compounds offormula IB1, R6
is halo.

Examples of such compounds include Penta-cydo(Asp-Lys)-Asp-4-ClAppc-(D)Phe-Arg-Trp-

Lys-NH2.

In another more specific embodiment ofsuch compounds offormula IB1, R6
is alkoxy or

phenoxy. Examples ofsuch compounds include: Penta-cyclo(Asp-Lys)-Asp-4-PhOAppc-

(D)Phe-Arg-Trp-Lys-NH2; andPenta- (Asp-Lys)-Asp-3-MeO-Appc-(D)Phe-Arg-Trp-Lys^ NH2.

Compounds of formula IC are represented as follows:
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R2
1 r iR2 C-NH-CH C-N

5 R2
is alkyl having from 1 to 5 carbon atoms, aUeenyl having from 2 to 5 carbon atoms, or alkynyl

having from 2 to 5 carbon atoms. R14
is alkyi having from 1 to 5 carbon atoms, n is 0 or 1, R11

and R13
are each independently hydrogen, alkyl having 3 or 4 carbon atoms, cycloalkyl having 5

or 6 carbon atoms or R11
and R13

are both phenyl; R7
is O or NH; R8

is hydrogen or method; R9

is

10

R10
is hydrogen or methyl; p is 0 or 1; m is 0, 1, 2, or 3; and Z is

C— N! or -S S- and
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17R is hydrogen or lower alkyl, preferably methyl and phannaceutically acceptable salts thereof.

In an embodiment ofthe compound offormula IC, the compound offormula IC1, Z is

O

R7
is NH; RJ

is

C— NH

R2—c—NH

R is alkyl; R8
andR10

are each hydrogen; and R9
is

In one more specific embodiment ofsuch compounds offormula IC1, one ofRu and R13
is

alkyl or cydoalkyl and the other is hydrogen. Examples ofsuch claims include: Penta-cydo(Asp-

Lys)-Asp-Achc-(D)Phe-Arg-Trp-Lys-NH2; and Penta-cyclo(Asp-Lys)-Asp-Abc-(D) Phe-Arg-

Trp-Lys-NH2.

In another more specific embodiment ofsuch compounds offormula ICl, one ofRn and
R is phenyl and the other is hydrogen or phenyl. Examples ofsuch compounds include Penta-

cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NH
2.

In one embodiment ofthe compound offormula II, the compound offormula IIA, Z

O

—P—NH— ;

IS

Rl
is
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o

R2—C— NH-

R2
isalkyi;

R3
, R4, Rs

, R8
andR10

are each hydrogen;

R6
is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy having from 1 to 3 carbon

atoms;

and R is as above.

In one embodiment ofthe compounds offormula II-A, as described in the preceding

paragraph, R7
is NH. In a more specific embodiment, R7

isNH and R6
is hydrogen or alkyL

Examples ofsuch compounds include: Penta-cydo(Asp-Lys)-Asp-(DJL)-Atc-(D)Phe-Arg-Trp-

Lys-NHa; Penta-(Asp-Lys)-Asp-5-Me-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2;Penta-(Asp-Lys)-

Asp-5-Et-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2; andPenta-(Asp-Lys)-Asp-5-iPr-(D,L)Atc-

(D)Phe-Arg-Trp-Lys-NH2.

In another specific embodiment ofthe compound offormula II-A, R7 isNH andR6
is halo.

Examples ofsuch compounds include: Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Arg-Trp-Lys-NH2;

and Penta-(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Arg-Trp-Lys-NH2.

In another specific embodiment ofthe compound offormula II-A, R7
isNH and R6

is

alkoxy. Penta-(Asp-Lys)-Asp-5-MeO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2; Penta-(Asp-Lys)-

Asp-5-EtO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2; Penta-(Asp-Lys)-Asp-5-iPrO-(D,L)Atc-

(D)Phe-Arg-Trp-Lys-NH2.

CH-R<7

Another embodiment of the compounds offormula II are those compounds offormula II

in which Z, R1

to R5
and R8

to R10
are as described above, R7

is O and R6
is halo. Examples of
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such compounds include; Penta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-at-Tip-Lys-NH
2; and Penta-

(Asp-L7s)-Asp-5-ClAtc-(D)Phe-Cit-Trp-Lys-NH2.

In another embodiment ofthe compound offormula II, the compound offormula II-B are

5 those compounds where Z is -S-S-

;

Q P14 O

R1

is R2 (NH)n—|
NH ,

or R2 C-NH-CH C-NH
;

O

R3
, R

4
, R

5
, R

8
and R10

are each hydrogen; R6
is hydrogen or halo; R7

is NH; and

R9
is

CH-R17

CO
andR is as above.

Examples ofsuch compounds offormula II-B include: Ac-Nle-cyclo(Cys-Cys)-Cys-

(D,L)Atc-(D)Phe-Arg-Tip-Cys-^

Trp-Cys-NH2.

This invention also provides the following compounds: Penta-cydo(Asp-Lys)-Asp-Apc-

(D)Phe-Ala-Trp-Lys-NH2; and Penta-cydoCAsp-LysJ-Asp-Apc-CDJPhe-Arg-CZS^S) beta

methyl-Trp-Lys-NH2.

The nomenclature used to define the peptides is that typically used in the art wherein the

amino group at the N-terminus appears to the left and the carboxyl group at the C-terminus

appears to the right. By natural amino acids is meant one ofthe naturally occurring amino acids

found in proteins, i.e., Gly, Ala, Val, Leu, lie, Ser, Thr, Lys, Arg, Asp, Asn, Glu, Gin, Cys, Met,

Phe, Tyr, Pro, Trp, and His. Where the amino acid has isomeric forms, it is the L form ofthe

amino acid that is represented unless otherwise explicitly indicated.
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The following abbreviations or symbols are used to represent amino acids, protecting

groups, solvents, reagents and the like.

5 Symbol Meaning

P-AIa beta-Alanine

(2)-NaI (2)-Naphthyialanine

Ate 2-Aminotetraline-2-carboxylic acid

5-BrAtc 5-Bromo-2-aminotetraline-2-carboxyIic acid

10 5-ClAtc 5-CUoro-2-aminotetraline-2-carboxylic acid

5-MeOAtc 5-Methoxy-2-aminotetraline-2-carboxylic acid

5-EtOAtc 5-Ethoxy-2-aminotetraline-2-carboxylic acid

5-iPrOAtc 5-Isopropoxy-2-aminotetraline-2-carboxylic acid

5-MeAtc 5-Methyl-2-aiiiinotetraline-2-carboxylic acid

15 5-EtAtc 5-Ethyl-2-aminotetraIine-2-carboxylic acid

5-iPrAtc 5-Isopropyl-2-aminotetraline-2-carboxylic acid

5-DmaAtc 5-DimethyIamino-2-aminotetraline-2-carboxylic acid

DBr D-2,4-diaminobutanoic acid

DPr D-2,3-diaminopropionic acid

20 Sar Sarcosine (N-methylglycine)

Cit CitruUine ,

"

Ape l-Amino-4-ghenylcyclohexane- l-carboxylic acid

4-HOApc l-Amino-4-(4-hydroxyphenyl)cyclohexane-l-carboxylic acid
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4-MeOApc l-Amino-4-(4-methox7phen7l)qrclohexane-l-carboxylic add

3-MeOApc 1-Amino-4-(4-methoxyphenyi)cydohexane- 1-carboxylic add

4-EtOApc l-Ainino-4-(4-ethoxyphenyl)cydohexane- 1-carboxylic add

4-iPrOApc l-Amino-4-(4-isopropoxyphenyl)cydoliexaiie-l-carboxyiic add

4-MeApc l-Amino-4-(4-methvlphenyl)c7dohexane- l-carboxvlic add

4-OApc 1-Amino-4-(4»chlorophenyl)cydohexane-l-carboxylic add

Appc 4-Amino-l-ghenylgiperidine-4-carboxylic add

2-MeAppc 4-Amino- l-(2-methyIphenvl)DiDeridine-4-carboxvlic add

2-iProAppc 4-Amino-l-(2-isopropoxyphenvi)Dmeridine--4-carboxvHr ari<l

3-MeAppc 4-Amino-l-(3-methvlDhenvl^DiDeridine-4-earboTvli r add

3-MeOAppc 4-Amino- 1-(3-methoxvphenvl^Dii>eridine-4-carboxvlir add

4-MeAppc 4-Amino- 1-(4-methvlphenvl)Diperidine-4-carboxvlic add

4-CIAppc 4-Amino- 1 -(4-chlorophenYi)piperidine-4-carboxvlic add

4-PhOAppc 4-Amino- 1 -(4-phenoxyphenvl)piperiduie-4-carboxvKc add

Ache 1-Amino-4-cvdohexvlcvdohexane-1-carboxvHc add

Adpc 1-Amino-4-diphenvlcvdohexane- 1-carboxvlic add

Abe l-Amino-4-tert-blltvlcvdoheYanp-l -rarbriYvlir an'rJ

3-Amb 3-Aminomethvl benzoic add

4-Amb 4-Aminomethyl benzoic add

2-Aba 2-Aminobenzoic add

Bu Butyl

Penta pentanoyl

Fmoc 9-Fluorenylmethoxycarbonyl
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Pmc 2>2,5)7,8-Pentamethylchroman-6-sulfonyl

Trt Trityl (triphenyimethyl)

CH2CI2 Methylene chloride

CH3CN Acetonitrile

5 DMF Dimethyiformamide

DEPEA N, N-Diisopropylethylamine

TFA Trifluoroacetic acid

HOBT N-Hydroxybenzotriazole

DIC N, N'-Dusopropylcarbodiimide

10 BOP Benzotriazol-1-yloxy-tris-(dimethylamino)phosphonixim

Hexafluorophosphate

PyBroP Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate

HBTU 2-(lH-Benzotriazole-l-yl)-14 333-tetramethyluronium

Hexafluorophosphate

15 FAB-MS Fast atom bombardment mass spectrometry

ES-MS Electrospray mass spectrometry

Setting forth the substituted amino acid, in parentheses indicates analogs ofthe peptide

sequence. Derivatization ofthe N-terminal amino group, is indicated to the left ofthe N-

20 terminal substitution, separated by a hyphen, that is, for example, Ac-&^{^P^^-Tip^
Gly-NH2 indicates a peptide having an amino acid sequence in which an acetyl group has been

substituted for hydrogen at the N-terminus. The suffixes "-OH" and "-NH2" following the

hyphen or the parentheses refer to the free acid and amide forms ofthe polypeptide, respectively.

The linear peptides, used as the precursors for the present representative compounds may

25 be readily synthesized by any known conventional procedure for the formation of a peptide
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linkage between amino acids. Such conventional procedures include, for example, any solution

phase procedure permitting a condensation between the free alpha amino group of an amino acid

or residue thereof having its carboxyl group or other reactive groups protected and the free

primary carboxyl group of another amino acid or residue thereofhaving its amino group or other

reactive groups protected.

The process for synthesizing the linear peptides may be carried out by a procedure whereby
each amino acid in the desired sequence is added one at a time in succession to another amino
acid or residue thereofor by a procedure whereby peptide fragments with the desired amino acid

sequence are first synthesized conventionally and then condensed to provide the desired peptide.

Such conventional procedures for synthesizing the precursor linear peptides include for

example any solid phase peptide synthesis method. In such a method the synthesis ofthe novel

compounds can be carried out by sequentially incorporating the desired amino acid residues one
at a time into the growing peptide chain according to the general principles ofsolid phase

methods [Merrifield, R. B.,/. Amer. Chem. Soc 1963, 85, 2149-2154; Barany etal. The peptides,

Analysis, Synthesis and Biology, Vol. 2, Gross, E. and Meienhofer, J., Eds. Academic Press 1-284

(1980)].

Common to chemical syntheses ofpeptides is the protection ofreactive side chain groups

ofthe various amino acid moieties with suitable protecting groups, which will prevent a chemical

reaction from occurring at that site until the protecting group is ultimately removed. Usually

also common is the protection ofthe alpha amino group ofan amino acid or fragment while that

entity reacts at the carboxyl group, followed by the selective removal ofthe alpha amino

protecting group and allow a subsequent reaction to take place at that site. While specific

protecting groups have been disclosed in regard to the solid phase synthesis method, it should be

noted that each amino acid can be protectedby an protective group conventionally used for the

respective amino acid in solution phase synthesis.

Alpha amino groups may be protected by a suitable protecting group selected from

aromatic urethane-type protecting groups, such as benzyloxycarbonyl (Z) and substituted

benzyloxycarbonyl, such as p-chlorobenzyloxycarbonyl,p-nitrobenzyloxycarbonyl,p-

bromobenzyloxycarbonyl, p-biphenyl-isopropoxycarbonyl, 9-fluorenylmethoxycarbonyI (Fmoc)

andp-methoxybenzyloxycarbonyl (Moz); aliphatic urethane-type protecting groups, such as t-

butyioxycarbonyl (Boc), diisopropylmethoxycarbonyl, isopropoxycarbonyl, and

allyloxycarbonyL Herein, Fmoc is the most preferred for alpha amino protection.
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Guanidino groups may be protected by a suitable protecting group selected from nitro, p-

toluenesulfonyl (Tos), Z, pentamethyichromauesulfonyl (Pmc), adamantyloxycarbonyl, and Boa

Pmc is the most preferred for arginine (Arg).

All solvents, isopropanol (iPrOH), methylene chloride (CH2Cl2)> dimethylformamide

(DMF) and N-methylpyrrolidinone (NMP) were purchased from Fisher or Burdick & Jackson

and were used without additional distillation. Trifluoroacetic acid was purchased from

Halocarbon or Fluka and used without further purification. Diisopropylcarbodiimide (DIC) and

diisopropylethylamine (DIPEA) was purchased from Fluka or Aldrich and used without further

purification. Hydroxybenzotriazole (HOBT) dimethyisulfide (DMS) and 1,2-ethanedithiol

(EDT) were purchased from Sigma Chemical Co. and used without further purification.

Protected amino acids were generally of the L configuration and were obtained commercially

from Bachem, Advanced ChemTech, or Neosystem. Purity ofthese reagents was confirmed by

thin layer chromatography, NMR and melting point prior to use. Benzhydrylamine resin (BHA)

was a copolymer ofstyrene - 1% divinylbenzene (100-200 or 200-400 mesh) obtained from

Bachem or Advanced Chemtech. Total nitrogen content ofthese resins were generally between

0.3 - 1.2 meq/g.

High performance liquid chromatography (HPLC) was conducted on a LDC apparatus

consisting ofConstametric I and III pumps, a Gradient Master solvent programmer and mixer,

and a Spectromonitor III variable wavelengthUV detector. Analytical HPLC was performed in

reversed phase mode using Vydac Cjg columns (0.4 x 30 cm). Preparative HPLC separations

were run on Vydac columns (2 x 25 cm).

The linear peptides were preferably prepared using solid phase synthesis by the method

generally described by Merrifield, [/. Amer. Chem. Soc, 1963, 35, 2149], although other

equivalent chemical synthesis known in the art could be used as previously mentioned. Solid

phase synthesis is commenced from the C-terminal end ofthe peptide by coupling a protected

alpha-amino acid to a suitable resin. Such a starting material can be prepared by attaching an

alpha-amino-protected amino acid by an ester linkage to a p-benzyloxybenzyl alcohol (Wang)

resin, or by an amide bond between an Fmoc-Linker, such as p-[(R, S)rOC- [l-(9H-fluoren-9-y!)-

methoxyformainido]-2,4-dimethyloxybenzyl]-phenoxyacetic acid (Rink linker) to a

benzhydrylamine (BHA) resin. Preparation ofthe hydroxymethyl resin is well known in the art

Fmoc-Linker-BHA resin supports are commercially available and generally used when the

desired peptide being synthesized has an unsubstituted amide at the C-terminus.

Since the compounds ofthe present invention are cyclic peptides, prepared by the

formation of a lactam or a disulfide bond, the precursor linear peptides are assembled so as to
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place suitable amino acids or mimetics carrying the appropriate side chain residues in positions

in the linear peptidesthat can ultimatelybe induced to undergo an intramolecular amide bond or

disulfide bond formation. The lactams are formed through the coupling a side chain amino

functionality ofa C-terminal amino acid residue with a distal carboxylic acid residue, while the

disulfide bond is formed through the oxidative coupling oftwo cysteine residues appropriately

incorporated at the C-terminal and at or near the N-terminus ofthe precursor linear peptide;

For example, in the preparation ofthe lactam peptides, in the precursor linear pentapeptides the

N-cap can be used as a template to incorporate a carboxyl residue, e.g. structure X, or in the case

ofhexapeptides, the peptide is designed such that the N-terminal amino acid residue is chosen

from one ofthe amino acids containing a suitably protected side chain carboxylic acid group, eg

aspartic acid, glutamic acid. In the linear heptapeptides, ether aspartic acid or glutamic acid are

incorporated as the penultimate residue from the N-terminus. In all the precursor linear

peptides, i.e., the hepta- hexa- and pentapeptides, the C-terminal residue is chosen from natural

or unnatural amino acid bearing a suitably protected basic side chain residue, capable offorming

a amide bond when deprotected, for example lysine, ornithine, 2,3-diaminopropanoic acid, 2,4-

diaminobutanoic add. To form a cyclic peptide containing a disulfide bond, where the precursor

is a linear hexapeptide, the peptide is designed such that an appropriately S-protected cysteine

residue is incorporated as both the C and N-terminal residues, while ifthe precursor is a linear

heptapeptide the appropriately S-protected cysteine residues are incorporated as both theC
terminal residue and the penultimate N-terminal residue as in for example X.

In general, to prepare the linear peptides, the amino acids or mimetic are coupled onto

the Fmoc-Linker-BHA resin using the Fmoc protected form ofamino acid or mimetic, with 2 - 5

equivalents ofamino acid and a suitable coupling reagent. After couplings, the resin maybe
washed and dried under vacuum. Loading ofthe amino acid onto the resin maybe determined

by amino acid analysis ofan aliquot ofFmoc-amino acid resin or by determination ofFmoc
groups byUV analysis. Any unreacted amino groups may be capped by reacting the resin with

acetic anhydride and diisopropylethyiamine in methylene chloride.

The resins are carried through several repetitive cycles to add amino acids sequentially.

The alpha amino Fmoc protecting groups are removed under basic conditions. Piperidine,

piperazine or morpholine (20-40% v/v) in DMF maybe used for this purpose. Preferably40%
piperidine in DMF is utilized.

Following the removal ofthe alpha amino protecting group, the subsequent protected

amino acids are coupled stepwise in the desired order to obtain an intermediate, protected

peptide-resin. The activating reagents used for coupling ofthe amino acids in the solid phase

synthesis ofthe peptides are well known in the art For example, appropriate reagents for such
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syntheses are benzotriazol-l-yloxy-tri- (dimethylamino) phosphonium hexafluorophosphate

(BOP), Bromo-tris-pyrroKdino-phosphoiuuinhexafluorophosphate (PyBroP), 2-(lH-

Benzotriazole- 1-yl)-1,1,3,3-tetramethyiuronium hexafluorophosphate (HBTU), and

diisopropylcarbodiimide (DIC). Preferred here are HBTU and DIC. Other activating agents as

described by Barany and Merrifield [The Peptides, Vol. 2, J. Meienhofer, ed., Academic Press,

1979, pp 1-284] maybe utilized. Various reagents such as 1-hydroxybenzotriazole (HOBT), N-

hydroxysuccinimide (HOSu) and 3,4-dihydro-3-hydroxy-4-oxo-l^,3-benzotriazine (HOOBT)

may be added to the coupling mixtures in order to optimize the synthetic cycles. Preferred here

is HOBT.

The protocol for a typical synthetic cyde is as follows:

Protocol 1

Step Reagent Time

1DMF 2x30sec

240% piperidine/DMF 1 min

3 40% piperidine/DMF 15 min

4 DMF 2x30 sec

5iPrOH 2 x 30 sec

6DMF 3 x 30 sec

7 coupling 60 min - 18 hours

8DMF 2 x 30 sec

9iPrOH 1 x 30 sec

10 DMF 1 x 30 sec

11 CH2a2 2x30 sec

Solvents for all washings and couplings were measured to volumes of 10 - 20 ml/g resins.

Coupling reactions throughout the synthesis were monitored by the Kaiser ninhydrin test to
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determine extent ofcompletion [Kaiser et at. Anal. Biochenu 1970, 34, 595-598]. Slow reaction

kinetics was observed for Fmoc-Arg (Pmc) and for couplings to secondary amines hysterically

hindered acids. Any incomplete coupling reactions were either recoupled with freshly prepared
activated amino acid or capped by treating the peptide resin with acetic anhydride as described
above. The fully assembled peptide-resins were dried in vacuum for several hours.

For each compound, the blocking groups were removed and the linear peptide cleaved

from the resin by the following procedure. Generally. The peptide-resins are treated with 100

uL ethanedithiol, 100 yL dimethylsulfide, 300 yL anisole, and 9.5 mL trifluoroacetic acid, per
gram ofresin, at room temperature for 120 min. The resin is filtered offand the filtrates are
precipitated in chilled ethyl ether. The precipitates are centrifuged and the ether layer is

decanted. The residue is washed with two or three volumes ofEt20 and recentrifuged. If

desired, the crude linear peptides are purifiedby preparative HPLC. The peptides were applied
to the columns in a niinimum volume ofeither AcOH/H20 or 0.1% TFA/H2O. Gradient

elution is generally started at 10% B buffer, 10% -60% B in 90 minutes, (buffer A: 0.1%
15 TFA/H20, buffer B: 0.1% TFA/CH3CN)a^^

nm. Fractions were collected at 1.0 - 2.5 minute intervals and inspectedby analytical HPLC.
Fractions judged to be ofhigh purity were pooled and lyophilized.

To prepare the lactams, the appropriate unpurified linear peptide is dissolved in a suitable

inert solvent, for example N-methyl pyrrolidone or DMF, preferablyDMF and adjusted to an
20 apparentpH of8.0 by the addition ofa tertiary amine base, for example N-methyl morpholine,

and then is treated with an amide bond forming reagent, preferably BOP. The reaction is

conveniently carried out at a temperature between 40 °C and O °C, preferably at about room
temperature. Purification ofthe crude cyclic peptides is carried outby preparative HPLC.
Gradient elution is generally started at 20% B buffer, 20% -60% B in 90 minutes, (buffer A: 0.1%

25 TFA/H20, buffer B: 0.1% TFA/CH3CN) at a flow rate of 8 mL/min. UV detection is made at 280

nm. Fractions were collected and monitored by analytical HPLC. Fractions judged to be ofhigh
purity were pooled and lyophilized.

To prepare the cyclic disulfide peptides, the purified HPLC-purified linear peptide

containing two appropriately positioned cysteine residues, is dissolved at a fairly high dilution

30 level in an suitable inert solvent mixture, for example aqueous DMSO and the solution is

adjusted to pH 8.0 by the careful addition ofammonium hydroxide. Oxygen is then bubbled
into the stirred solution. The reaction is conveniently carried out at a temperature between 40 °C
and O °C, preferably at about room temperature and the progress ofthe cydization is monitored
by analytical HPLC. After the reaction is judged to be completed, the solution is lyophillized and
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the crude cyclic peptide is purified by preparative HPLC.. Gradient elution is generally started at

20% B buffer, 20% -60% B in 90 minutes, (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) at a flow rate of 8 mL/min. UV detection is made at 280 nm. Fractions were

collected and monitored by analytical HPLC. Fractions judged to be ofhigh purity were pooled

and lyophilized.

Purification ofthe crude peptides is carried out by preparativeHPLC The peptides were

applied to the columns in a minimum volume of eitherACOH/H2O or 0.1% TFA/H2O.

Gradient elution is generally started at 10% B buffer, 10% -60% B in 90 minutes, (buffer A: 0.1%

TFA/H20, buffer B: 0.1% TFA/CH3CN) at a flow rate of 8 mL/min. UV detection is made at 280

nm. Fractions were collected at 1.0 - 2.5 minute intervals and inspected by analytical HPLC.

Fractions judged to be ofhigh purity were pooled and lyophilized.

Purity ofthe final products is checked by analytical HPLC on a reversed phase column as

stated above. Purity of all products is judged to be approximately 95 - 99%. All final products

were also subjected to fast atom bombardment mass spectrometry (FAB-MS) or electrospray

mass spectrometry (ES-MS). All products yielded the expected parentM+H ions within

acceptable limits.

The process for synthesizing the representative compounds may be carried out by a

procedure whereby each amino acid in the desired sequence is added one at a time in succession

to another amino acid or residue thereof or by a procedure whereby peptide fragments with the

desired amino acid sequence are first synthesized conventionally and then condensed to provide

the desired peptide.

Such conventional procedures for synthesizing the novel compounds ofthe present

invention include for example any solid phase peptide synthesis method. In such a method the

synthesis ofthe novel compounds can be carried out by sequentially incorporating the desired

amino acid residues one at a time into the growing peptide chain according to the general

principles ofsolid phase methods [Merrifield, R. B., /. Amer. Cherru Soc. 1963, 55, 2149-2154;

Barany et ah. The peptides, Analysis, Synthesis and Biology, Vol. 2, Gross, E. and Meienhofer, J.,

Eds. Academic Press 1-284 (1980)].

Common to chemical syntheses ofpeptides is the protection of reactive side chain groups

ofthe various amino acid moieties with suitable protecting groups, which will prevent a chemical

reaction from occurring at that site until the protecting group is ultimately removed. Usually

also common is the protection ofthe alpha amino group ofan amino acid or fragment while that

entity reacts at the carboxyl group, followed by the selective removal ofthe alpha amino
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protecting group and allow a subsequent reaction to take place at that site. While specific

protecting groups have been disclosed in regard to the solid phase synthesis method, it should be

noted that each amino acid can be protected by an protective group conventionally used for the

respective amino acid in solution phase synthesis.

Alpha amino groups may be protected by a suitable protecting group selected from

aromatic urethane-type protecting groups, such as benzyloxycarbonyl (Z) and substituted

benzyloxycarbonyl, such as p-chlorobenzyloxycarbony^p-nitrobenzyloxycarbonyl,^-

bromobenzyloxycarbonyl,p-biphenyl-isopropoxycarbonyl, 9-fluorenylmethoxycarbonyl (Fmoc)

andp-methoxybenzjdoxycarbonyi (Moz); aliphatic urethane-type protecting groups, such as t-

butyloxycarbonyi (Boc), diisopropylmethoxycarbonyl, isopropoxycarbonyl, and

allyloxycarbonyl. Herein, Fmoc is the most preferred for alpha amino protection.

Guanidino groups may be protected by a suitable protecting group selected from nitro, p-

toluenesulfonyl (Tos), Z, pentamethylchromanesulfonyl (Pmc), adamantyloxycarbonyl, and Boc.

Pmc is the most preferred for arginine (Arg).

All solvents, isopropanol (iPrOH), methylene chloride (CH2C12), dimethylformamide

(DMF) and N-methylpyrrolidinone (NMP) were purchased from Fisher or Burdick & Jackson

and were used without additional distillation. Trifluoroacetic acid was purchased from

Halocarbon or Fluka and used without further purification. Diisopropylcarbodiimide (DIC) and

diisopropylethylamine (DIPEA) was purchased from Fluka or Aldrich and used without further

purification. Hydroxybenzotriazole (HOBT) dimethylsulfide (DMS) and 1,2-ethanecKthiol

(EDT) were purchased from Sigma Chemical Co. and used without further purification.

Protected amino adds were generally ofthe L configuration and were obtained commercially

from Bachem, Advanced ChemTech, or Neosystem. Purity ofthese reagents was confirmed by

thin layer chromatography, NMR and melting point prior to use. Benzhydrylamine resin (BHA)

was a copolymer ofstyrene - 1% divinylbenzene (100-200 or 200-400 mesh) obtained from

Bachem or Advanced Chemtech. Total nitrogen content ofthese resins were generally between

0.3 - 1.2 meq/g.

High performance liquid chromatography (HPLC) was conducted on a LDC apparatus

consisting ofConstametric I and III pumps, a Gradient Master solvent programmer and mixer,

and a Spectromonitor III variable wavelength UV detector. Analytical HPLC was performed in

reversed phase mode using Vydac Cig columns (0.4 x 30 cm). Preparative HPLC separations

were run on Vydac columns (2 x 25 cm).
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Peptides were preferably prepared using solid phase synthesis by the method generally

described by Merrifield, [/. Amer. Qierru Soc, 1963, 85, 2149], although other equivalent

chemical synthesis known in the art could be used as previously mentioned Solid phase

synthesis is commenced from the C-terminal end ofthe peptide by coupling a protected alpha-

5 amino add to a suitable resin. Such a starting material can be prepared by attaching an alpha-

amino-protected amino acid by an ester linkage to a p-benzyloxybenzyl alcohol (Wang) resin, or

by an amide bond between an Fmoc-Linker, such as p- [(R, S)-cc-[l-(9H-fluoren-9-yi)-

methoxyformamido]-2,4-dimethyioxybenzyl]-phenoxyacetic acid (Rink linker) to a

benzhydrylamine (BHA) resin. Preparation ofthe hydroxymethyl resin is well known in the art

10 Fmoc-Linker-BHA resin supports are commercially available and generally used when the

desired peptide being synthesized has an unsubstituted amide at the C-terminus.

In general, the amino acids or mimetic are coupled onto the Fmoc-Linker-BHA resin using

the Fmoc protected form ofamino acid or mimetic, with 2-5 equivalents ofamino acid and a

suitable coupling reagent After couplings, the resin may be washed and dried under vacuum.

15 Loading ofthe amino acid onto the resin may be determined by amino acid analysis ofan aliquot

ofFmoc-amino acid resin or by determination ofFmoc groups byUV analysis. Any unreacted

amino groups may be capped by reacting the resin with acetic anhydride and

diisopropylethylamine in methylene chloride.

The resins are carried through several repetitive cycles to add amino acids sequentially.

20 The alpha amino Fmoc protecting groups are removed under basic conditions. Piperidine,

piperazine or morpholine (20-40% v/v) in DMF maybe used for this purpose. Preferably40%

piperidine in DMF is utilized.

Following the removal ofthe alpha amino protecting group, the subsequent protected

amino acids are coupled stepwise in the desired order to obtain an intermediate, protected

25 peptide-resin. The activating reagents used for coupling ofthe amino adds in the solid phase

synthesis ofthe peptides are well known in the art For example, appropriate reagents for such

syntheses arebenzotriazoH-yloxy-tri- (dimethylamino) phosphonium hexafluorophosphate

(BOP), Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBroP), 2-(lH-

Benzotriazole-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate (HBTU), and

30 diisopropylcarbodiimide (DIC). Preferred here are HBTU and DIG. Other activating agents as

described by Barany and Merrifield [The Peptides, Vol. 2, J. Meienhofer, ed., Academic Press,

1979, pp 1-284] maybe utilized. Various reagents such as 1-hydroxybenzotriazole (HOBT), N-

hydroxysuccinimide (HOSu) and 3,4-dihydro-3-hydroxy-4-oxo-l,2,3-benzotriazine (HOOBT)
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may be added to the coupling mixtures in order to optimize the synthetic cycles. Preferred here

is HOBT.

The protocol for a typical synthetic cycle is as follows:

Protocol 1

Step Reagent Time

1DMF 2x30sec

2 40% piperidine/DMF l min

3 40% piperidine/DMF 15 min

4 DMF 2x30 sec

5iPrOH 2x30 sec

6DMF 3x30 sec

7 coupling 60 min - 18 hours

8DMF 2x30 sec

9iPrOH 1 x 30 sec

10 DMF 1x30 sec

11 CH2C12 2 x 30 sec

Solvents for all washings and couplings were measured to volumes of 10 - 20 ml/g resins.

Coupling reactions throughout the synthesis were monitored by the Kaiser ninhydrin test to

determine extent ofcompletion [Kaiser etat. Anal Biochem. 1970, 34, 595-598]. Slow reaction

20 kinetics was observed for Fmoc-Arg (Pmc) and for couplings to secondary amines by sterically

hindered acids. Any incomplete coupling reactions were either recoupled with freshly prepared

activated amino acid or capped by treating the peptide resin with acetic anhydride as described

above. The fully assembled peptide-resins were dried in vacuum for several hours.
I

For each compound, the blocking groups were removed and the peptide cleaved from the

25 resin by the following procedure. The peptide-resins were treated with 100 uL ethanedithiol, 100

UL dimethylsulfide, 300 uL anisole, and 9.5 mL trifluoroacetic acid, per gram of resin, at room
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temperature for 120 min. The resin is filtered offand the filtrates axe precipitated in chilled ethyl

ether. The precipitates are centrifuged and the ether layer is decanted The residue was washed

with two or three volumes ofEt20 and recentrifiiged. The crude products are dried under

vacuum.

Purification ofCrude Peptide Preparations

Purification ofthe crude peptides was carried out by preparative HPLC. The peptides were

applied to the columns in a minimum volume of either AcOH/H20 or 0.1% TFA/H2O.

Gradient elution was generally started at 10% B buffer, 10% -60% B in 90 minutes, (buffer A:

10 0.1% TFA/H2O, buffer B: 0.1% TFA/CH3CN) at a flow rate of8 mL/min. UV detection was

made at 280 nm. Fractions were collected at 1.0 - 2.5 minute intervals and inspected by

analytical HPLC. Fractions judged to be ofhigh puritywere pooled and lyophilized.

Purity ofthe final products was checked by analytical HPLC on a reversed phase column as

stated above. Purity of all products was judged to be approximately 95 - 99%. All final products

15 were also subjected to fast atom bombardment mass spectrometry (FAB-MS) or electrospray

mass spectrometry (ES-MS). All products yielded the expected parentM+H ions within

acceptable limits.

Utilizing the techniques described above, the compounds ofthis invention can be

synthesized in accordance with the following reaction schemes.

20
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Reaction Scheme A
1. Piperidine, DMF

P
10
/ CD

ZFmocN-Lam HBTU
H

Cycle 1

BocNH

rio y(CH2)m

FmocNH

BocNH
rs fjio '(CHJin

YY"®

FmocN

Cycle 2

1. Piperidine, DMF

HBTU

See Scheme C Lip
I / h /vf?

BocNH

CH
3
O £

\ Piperidine, DMF /BU,X / DMF
BocNH

R9 Rio /(CH
2)m

mercaptoethanol

HN'

Re

Cycle 3

ZafR^H)
7b(R8 = CH3)

FmooArg(Pmc)-OH (8), HBTU. DMF or
Fmoc- Cit-OH (9), HBTU, DMF

BocNH
Rs rio yiCHJm

FmocNH

V"
"

R7

NH

NHPG

R8,R9 R^andm
are as previously described.

lQa(R7=NH
f PG = Pmc)

10b(R7=O, PG = H)

i



WO 02/18437 PCT/EP01/09630

32-

BocNH
R» R« UCH^

L R« O O

NH

Reaction Scheme B

1. Pfpertdine , DMF
2 Fn>CC-<D)-Phi>-OH. HBTU. DMF

BocNH

NHPG

10a (R7=NH. PG = Pmc)
10b(R7«O, PG = H)

Cycle 4

1.P1peridina,DMF

Z-FoncNH COjH, HBTU, DMF

NH

NHPQ

Cycle 5

Ha(R7=NH. PG=*Pmc)
iSb{R7=0,PG = H)

1. Plperidlna , DMF
2 FmoefW COjH, HSTU. DMF

13

BocNH
R» Rio ^(CH^m^

BocNH^

R» Rta y
(CH,)m

R^»
14a(R7=NH. PG = Pmc)
14b (R7«Q, PG = H)

m.p.Q.R* R4, R5.R6, rb and R'°
are as previously described.

H- r«

NH
NHPQ

15a(R7=NH;PG = Pmc)
15b (R^O, PG«H)

/CHjJp JO

1. PiperWbQ , DMF
2 Fmoc-Asp(OBul)-OH (16), HBTU, DMF fir

Fmoc-Glu(OBut>OH (17), HBTU, DMF

BocNH

R» rw /{CHjin

Cycle 6

O. OtBu

FmocNH

NHPG

l
7=NH, PG = Pmc)

l
7=Q, PG =* H)

h.PlpGrWlne.OI
fcFmocNIe-OH

OMF
" SO). HBTU, DMF

BocNH

ri Rio AcHJm

Cycle 7

FmocNH.

1. Plperkflne , OMF
2 Fmoc-Asp(OBu0-OH (16), HBTU, DMF or
Fm0c-G1u(OBu0-OH Q7). HBTU, DMF

R«

19a (R7=NH, PG = Pmc)
19E |R7=Q. PG = H)

M.Pipartolne.OMF

v««« 12 Fmoc-Nle-OH (20), HBTU, DMF

I
BocNH

NH

"NHPG

21a (R7-NH, PG = Pmc)
21b (R7=0, PG = H)

22a (R7=NH, PG = Pmc)
22b(R7=O t PG = H)



WO 02/18437

-33-

PCT/EP01/09630

BocNH

R9 Rio *(CH2)m

N02

BocNH

R9 rio \cH2)m

CH
3

25

Reaction Scheme C

Piperidme, DMF

Steps 1-5

Protocol 1

BocNH

F}9 pio *(CH
2)m

DEAD, Ph
3P

Methanol

(Mitsunobu)

In the same manner:

6 7a 6

|[fY
N°2

iNsAs^ DIPEA, DMF
a

NO,

23

BocNH

R9 RU) \CH2)m

" O O
24

R9
, R10

, and m
are as previously described.

FrnocNH

1



WO 02/18437

-34-

Reaction Scheme D

PCT/EP01/09630

9v OtBu

FmocNH

NH

R7S^NHPG

18a (R7=NH, PG = Pmc)
* (R7=0, PG = H)18b

1. pfperidine, DMF
2. N-acy!ation

BocNH

R9 Rio /(CHJm

Q k̂NH

27a (R7=NH, PG = Pmc)
2Zb(R7=O t PG = H)

R2 Ra
f
R9, Rio, Q and m

are as previously described.

1. Piperidine, DMF
2 R2-N=C=0, DIPEA.
DMForCH2C!2

CL OtBu

BocNH

r^NHPG

28a (R 7=NH, PG = Pmc)
28b (R7=0, PG = H)



WO 02/18437 PCT/EP01/09630

-35-

Reaction Scheme F
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Reaction Scheme 6
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Reaction Scheme I
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Reaction Scheme J

FmocNH-^p

2

1. Piperidine, DMF

2
- if

H—— . ^
Cycle 1

f° O

TrtS

H
45

FmocNH

°TrtS
/

3

46

1. Piperidine, DMF

Cycle 2 / *F

2. FmocNH'^|p-OH .
HTBU

5 6

.NO.

As in Scheme C W
CH

3 O /
26 TrtS

Piperidine, DMF /
DBU, mercaptoethanol
DMF

Cycle 3

47a (R8= H)

4Zb.(R8 = CH3)

Fmoc-Arg(Pmc)-OH (6), HBTU. DMF or
Fmoc-Cit-OH f9), HBTU, DMF.

R9 Rio

^R8
O S
TrtS

HU 48a(R7=NH.PG = Pmc)
•j

1" 48b(R7=0,PG = H)

NHPG

R8
, R9and R'°

are as previously described.



WO 02/18437 PCT/EP01/09630

-40-

Reaction Scheme K
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Reaction SchemeM
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Reaction Scheme O
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Reaction SchemeV

IS

zz

R6 is as previously described.

The linear peptides used herein as the penultimate intermediates in the syntheses ofthe

cyclic peptides ofthe current invention (Structure 1) are prepared by using conventional solid

phase peptide synthesis methodology discussed in the previous section. Each cyde consists oftwo

procedures; the initial cleavage ofthe Fmoc protecting group from the terminal nitrogen in the

resin bound chain followed by acylation ofthe amine function with an Fmoc protected amino

aci<L The cycle is generally carried out in accordance with the stepwise procedures outlined in

Protocol 1. The deprotection is accomplished by using an organic base, for example piperazine,

morpholine or piperidine, preferably piperidine in a suitable inert solvent, for example N,N-

dimethylformamide (DMF) or N-methylpyrrolidone (NMP). The coupling reaction can be

carried out by one ofthe many conditions developed for amide bond formation, for example O-

benzotriazol-Uyl N^N'jN'-tetramethyluronium hexafluorophosphate (HBTU) in the presence

of an organic base, for example, diisopropylethylamine (DIPEA) in an inert solvent, for example

DMF. Alternatively in the present instance, the amide group can be formed using a

carbodiimide, for example, diisopropylcarbodiimide (DIC) along with an activating agent such

as 1-hydroxybenzotriazole (HOBT) in a suitable inert solvent such as DMF.

In Reaction Scheme A, in the first cycle ofthe preparation ofthe linear polypeptides

precursors for the cyclic peptides ofStructure 1 where Z is NHCO, the Fmoc-Linker-BHA Resin
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represented by Structure 2 is deprotected and condensed with Fmoc-amino acids ofStructure 3
to give the resin bound compounds of 4. In this syntheses ofthe cyclic peptides, it is required

that the Fmoc-amino acid 3 contain a key structural requirement which is a suitably protected

basic side chain, that when deprotected, can participate in the formation ofthe mtramolecular
amide bond. To extend the growing peptide chain, a second cycle incorporates the Fmoc-amino
acids 5 to give the compounds of Structure 6. In the third cycle, treatment ofthe resin linked

peptide £ furnishes the intermediates ofStructure 7a where R8
is hydrogen. The intermediates of

Structure 7b where R8
is methyl are synthesized as shown in Scheme C.

The intermediates ofStructure 7b are prepared from the compounds ofStructure^, as

shown in.Scheme C. In this procedure, compounds ofStructure 7a, prepared by treating

compounds ofStructure 6 as described in steps 1-5 ofProtocol 1, are reacted with an aryl

sulfonyl chloride, preferably 2-nitrobenzenesulfonyl chloride 23_to produce the compounds of
Structure 24. This reaction is carried out in the presence ofa proton acceptor, for example

pyridine, triethylamine (TEA) or DIPEA, preferablyDIPEA in a suitable inert solvent, preferably

DMF. N-methylation ofthe formed sulfonamide group in the washed resin bound compounds
ofStructure 24. is accomplished under Mitsunobu conditions to produce the compound of

Structure 25. In carrying out this reaction the sulfonamides ofStructure 24 are reacted with

methanol in the presence ofdiethyl azodicarboxylate (DEAD) and triphenylphospbine using

methanol as solvent After the reaction is complete, the resin bound N-methylsulfonamide of
Structure 25 is washed free ofresidual reagents and byproducts.

In the next steps as set forth in Reaction SchemeA the 2-nitrobenzenesulfonyl residue is

removed from Structure 25 by reacting 25 with 2-mercaptoethanol and the strong organic base

l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in a suitable solvent, preferablyDMF, to give the

resin bound intermediate ofStructure 7J>. The third cycle ofReaction SchemeA is completedby
coupling compounds ofeither Structures 7a and 7b with Fmoc-Arg(Pmc)-OH (8) or Fmoc-Cit-

OH (9) to give the resin bound compounds ofStructure 10.

The next two cycles shown in Reaction Scheme B are carried out by first reacting

peptides of Structure 10 with the amino acid Fmoc-(D)-Phe-OH to produce the compound of

Structure 11 and then reacting this compound ofStructure 11 with either one ofthe amino acid

mimetics ofStructure 12 or 13 to incorporate these amino acids into the resin bound peptide to

give the resin bound pentapeptides of either Structures 14 and 15, depending upon which amino
acid mimetics is used. The incorporation of additional amino acid containing carboxylic acid

side chains into the linear pentapeptides suitable to ultimately participate in the formation ofthe
cyclic peptides ofthis invention is accomplished in two ways
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a. As seen in Reaction Scheme B, a Fmoc amino acid with a appropriately protected acid side

chain is incorporated into the resin bound pentapeptides 14 and 15. Thus in cycle 6

(Reaction Scheme B) Fmoc-Asp(OtBu)-OH (16) or Fmoc-Glu(OtBu)-OH (17) is

incorporated into the growing peptide chain to give the resin bound hexapeptides of

5 Structures 18 and 19 respectively or alternatively,

b.The resin bound pentapeptides 14 and 15 are N-capped with a cyclic anhydride of

Structure 2& (Reaction Scheme F) for example, maleic anhydride or phthalic anhydride,

to give the compounds ofStructure 29 and 30, or alternatively

c. As seen in Reaction Scheme B, the resin bound hexapeptides 18 and 19 may be further

10 reacted with an additional amino acid to form a heptapeptide before being N-capped.

This is accomplished by the incorporation in the usual manner ofan amino acid residue,

preferably Fmoc-Nle-OH , to furnish 21 and 22.

N-capping ofheptapeptide or hexapeptide produces the terminal amide function group of
.

the compound 1. In this manner, the substitutents X, Y, R12
and R1

are produced. To N-cap the

15 resin bound hexapeptides (18, 19) or heptapeptides (21, 22), the polypeptide is first treated with

piperidine in DMF to remove the Fmoc protecting group and then is reacted with an acylating

agent. As shown in Reaction Scheme D to produce the compound ofStructure 1 before the

formation ofZ whereX and Y are CH, and R1
is

f
-HN-C-R2 ,

20 the resin bound polypeptide of Structure 18 is deprotected and N-acylated to give the resin

bound amide ofStructure 27 or after deprotection is reacted with an isocyanate to form the ureas

ofStructure 28 . The N-acylation is carried out under a variety ofmethods well known to one

skilled in the art. Among the methods used are:

(i) reaction ofthe terminal amino functionality with a carboxylic acidR2-C02H in a suitable

25 solvent, such as DMF in the presence ofHBTU, and an organic base, preferably DIPEA;

(ii) reaction ofthe terminal amino functionality with a carboxylic acid chloride R2-COCl in a

suitable solvent, such as dichloromethane in the presence ofan organic base, such as

pyridine, TEA and DIPEA, preferably DIPEA; or

(iii) reaction ofthe terminal amino functionality with a carboxylic acid anhydride of Structure
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28! as shown in Reaction Scheme F. This Reaction is carried out in a suitable solvent,

such as dichloromethane or DMF in the presence ofan organic base, preferablyDIPEA.

The N-capping reaction in Reaction Scheme D where compounds ofStructure 18 are

converted to ureas ofStructure 28_is carried out by reacting the terminal amino group in the

compounds ofStructure 28 with an isocyanate R2
-NCO. This reaction is carried out in a suitable

solvent, such as dichloromethane or DMF in the presence an organic base, preferably DIPEA.
When the acylation and urea forming reactions are complete, the resin bound products 27 and

28 are washed free ofresidual reagents and byproducts. By using similar conditions, N-capping

ofthe resin bound polypeptides of Structure 19, 2L and 22 is carried out by fomation of the N-
acylated compounds ofStructures 33, 35, 37 and the ureas ofStructure 34, 36 and 38 (Reaction

Scheme E). However, Reaction Scheme E can be modified to provide R14
groups other than that

derived from Nle by utilizing known amino acids other than the compound ofStructure 20 in

Reaction Scheme B to produce compounds ofStructures 21 and 22.

Reaction Schemes G andH illustrate the cleavage ofremaining protecting groups in the N-
capped polypeptides 29^0, 33 - 38 and the concomitant cleavage ofthe peptides from the solid

support This reaction is carried out by using a strong organic acid, preferably trifluoroacetic

acid, optionally in the presence ofan inert solvent such as dichloromethane and a trace (1%) of

water and optionally in the presence ofone or more carbocation scavengers, for example

ethanedithiol, dimethyl sulfide, triethylsilane and anisole. The polypeptide cleavage solution is

filtered free from the solid support, then is diluted with a suitable solvent, preferably diethyl

ether, and the formed solids are collectedby filtration. The solid polypeptides ofStructures 39-44

produced in Reaction SchemeH maybe purifiedby reversed phase chromatographyby using a

preparative C18 column.

With the appropriate functionalities thus now available to form the intramolecular amide
bond, the N-capped linear polypeptides are subjected to amide forming reaction conditions well

known in the art Accordingly each in turn ofthe the linear peptides 31,32 (Reaction Scheme G)

and 39-44 (Reaction Scheme I) is dissolved in an inert solvent, for example DMSO, and by the

addition of a tertiary amine base, for example N-methyl morpholine the solution is adjusted to

an apparent pH of 8, prior to the addition of an amide forming reagent, for example BOP. The
reaction is conveniently carried out at a temperature ofbetween zero degrees and 40 °C,

preferably at about room temperature. The reaction is, allowed to proceed until it is judged to be

complete. Common methods, used by those ofaverage skill, to monitor the progress ofa

reaction are for example, TLC or analytical HPLC. After removal ofthe reaction solvents in vacuo

the crude cyclic peptides ofStructure I where Z is NHCO as shown in Reaction Scheme I may be
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purified by reversed phase chromatography using a preparative C18 column. In this manner

Compound ofStructure iare produced where Z is NHCO Bridge.

The cyclic disulfide peptides ofStructure 1 where Z is S-S are preparedby methodologies,

outlined in Reaction Schemes similar to those described above in Reaction Schemes A throughH
5 for the preparation ofthe lactams ofStructure 1 where Z is NHCO. The penultimate linear

polypeptides are assembled in a like manner, with the exception that amino acids, that contain

protected thiol side chain residues, for example Fmoc-Cys(Trt)-OH , are incorporated at the

appropriate positions ofthe growing resin bound polypeptide, preferably in cycle 1 and 6. This

preparation ofthe resin bound linear polypeptides is illustrated in Reaction Schemes J and K. As

10 previously described and shown in Scheme L, the resin bound linear hexapeptide 52, after

removal ofthe Fmoc protecting group group, maybe N-capped either by aqdation to give 56 or

by reaction with an isocyanate to form the urea 57. In the same way the resin bound hexapeptide

53, and the resin bound heptapeptides 54 and 55 are converted to the corresponding N-acylated

"'
"
derivatives 58, 60 and 62 and the urea derivatives 59, 61 and 63 (Reaction Scheme M).

15 In Reaction Scheme N, the N-capped resin bound linear hexapeptide 56 is treated with a

strong acid, preferably trifluoroacetic acid, optionally in the presence ofan inert solvent such as

dichloromethane and optionally in the presence ofone or more carbocation scavengers, for

example ethanedithiol, dimethyl sulfide, triethylsilane and anisole. This causes cleavage of all side

chain protecting groups as well as cleavage ofthe linear peptide from the solid support The

20 reaction is conveniently carried out at a temperature ofbetween 0 °C and 35 °C, preferably at

room temperature. The polypeptide cleavage solution is filtered free from the solid support,

then is diluted with a suitable solvent, preferably diethyl ether, and the formed solids are

collected by filtration. The solid polypeptide ofStructure 64 thus produced optionallymaybe

purified by reversed phase chromatographyby using a preparative C18 column. The linear

25 hexapeptide 64 is then treated under oxidative conditions well known to one skilled in the art,

that can induce thiols to form a disulfide bond. Accordingly a dilute aqueous solution of64 is

adjusted to pH 8.0 using a moderately weak inorganic base, preferably ammonium hydroxide,

and then oxygen was bubbled into the solution until the cyclization was judged to be complete,

using standard methods, for example TLC or HPLC. After removal ofthe reaction solvents by

30 lyophillization, the crude cyclic peptide (£ Z= S-S) prepared and isolated in this manner, may be

purified by reversed phase chromatography by using a preparative CI8 column.

i

Under similar conditions to those described hereinbefore in connection with Reaction

Schemes H and I, the resin bound linear polypeptides 58-63 as shown in Reaction Schemes O
and P, are deprotected and deaved from the solid support to give the linear peptides 65-70
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(Reaction Scheme 0), which are then oxidativeiy cydized, as described above, to give the

corresponding compounds ofStructure 1 (Reaction Scheme P).

The Fmoc-amino acids used in the preparation ofthe peptides described above, as well as

the acyiating agents and isocyanates used to N-cap the polypeptides are known compounds that

are commercially available. The Fmoc-amino acids 12> including its species, the compound of

Structure 13, used in Reaction Scheme B, are prepared as described herein by methods that are

well known to those ofordinary skill in the practice oforganic chemistry. In Scheme Q, the

preparation ofFmoc-amino acid species ofthe compound ofStructure 12 from cyclic ketones is

outlined. These species which are the Structure 12 and Structure 13, 79 and 80 are prepared in

the same way as the species ofStructure 75 as outlined in the procedure ofScheme Q. The 4-

phenylcyclohexanones of Structure 71 are converted to the hydantoins ofStructure 2Z by

treatment with ammonium carbonate and potassium cyanide. The reaction is conveniently

carried out in aqueous ethanol mixture at a temperature offrom 50 °C to 90 °C, preferably

between 80 °C and 90 °C. Direct hydrolysis ofthe hydantoins to the amino acids ofStructure 73

require a prolonged treatment with strong base, for example with 6N sodium hydroxide solution

or with barium hydroxide at reflux temperature. Alternatively, compounds ofStructure 72 can

be converted to the bis-Boc derivatives ofStructure 74. The reaction is carried out using tert-

butyl dicarbonate [(Boc)20] in an inert solvent, preferably tetrahydrofuran (THF), in the

presence ofan organic amine base, preferablyTEA and a catalyst, 4-dimethylaminopyridine

(DMAP) at a temperature offrom zero degrees to room temperature, preferably at room

temperature. The bis-Boc hydantoins ofStructure 74 are readily converted to the amino acids of

Structure 73. The reaction is accomplished using IN sodium hydroxide in an inert solvent,

preferably dimethoxyethane (DME) at from zero degrees to 50 °C, preferably at about room

temperature. Protection ofthe amino functionality with an Fmoc group in a compound of

Structure 73 is carried out under a variety ofreaction conditions to give the compound of

Structure 75 which is the Fmoc-amino acid species ofthe compound ofStructure 12. The

reaction may conveniently be performed by treatment of a solution ofthe amino acid 73 in a

mixture ofTHF or dioxane, preferably dioxane and aqueous sodium carbonate with 9-

fluorenyimethoxycMoroformate (FmocCl) at a temperature offrom zero degrees to room

temperature, preferably at room temperature. Alternatively, N-(9-

fluorenyImethoxycarbonyloxy)succinimide (FmocOSu) is added to a solution ofthe amino acid

73 in aqueous acetonitrile containing an organic tertiary amine base, preferably TEA. The

reaction is run at from zero degrees to room temperature, preferably at room temperature. In

another variation of the procedure, DME is evaporated from the hydrolysis mixture in the

conversion of74 to 73 and the reaction is adjusted to ~pH 11. The resulting solution ofthe

sodium salt of 73 is then treated in situ with FmocOSu or FmocCl in dioxane at a temperature of
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from zero degrees to room temperature, preferably at room temperature. In the same manner, as

in Reaction scheme Q, the tetralones 76, the N-aryl-4-ketopiperidines 77, and the cydohexanone

derivatives 78 can be converted to the corresponding Fmoc-amino adds ofStructures 13, 79 and

80, all ofwhich along with 73 form subgenera ofStructure 12 utilized in Reaction Scheme B.

5 In Reaction Scheme Q, the compounds of Structure 73 where R4
represents a linear or

branched lower alkoxy and both R2
and R3

is hydrogen in the sub genus Structure 82, may be

prepared by O-alkyiation ofthe compound of Structure 81 as shown in Reaction Scheme R.

Where R16
represents an unbranched lower alkyl moiety, the alkylation is carried out by using a

primary alkyl halide of Structure R16
halide in the presence ofan alkali metal carbonate, for

10 example, sodium or potassium carbonate. The alkyl halide maybe a chloro, bromo or iodo

derivative, preferably an alkyl iodide. The reaction may be conveniently carried out in an inert

solvent that promotes SN2 displacement reactions, for example acetone, 2-butanone or N,N-

dimethylformamide, preferably acetone, at a temperature of from room temperature to the

reflux temperature ofthe solution, preferably the reflux temperature. When R16
represents a

15 branched lower alkyl group, e.g., 2-propyl, the alkylation ofthe compound ofStructure 81 to

produce the compound ofStructure 82 is carried out by using a secondary alkyl halide of

Structure R16
halide in the presence ofan alkali metal carbonate, e.g., potassium carbonate. The

secondary alkyl halide is preferably a secondary alkyl iodide, for example, 2-iodopropane. The

reaction may be conveniently carried out in an inert solvent, preferably N,N-

20 dimethylformamide, at a temperature offrom room temperature to the reflux temperature ofthe

solution, preferably at about 100 °C.

4-Arylcyclohexanones of Structure 71 which are the starting materials in Reaction Scheme

Q can be prepared by methods that are well known to one of ordinary skill in the practice of

organic chemistry. As outlined in Scheme S, treatment ofthe aryl halides ofStructure 83> where

25 X1

represents bromo or iodo with an alkyl metal reagent, preferably t-butyl lithium, results in a

transmetalation reaction to give the corresponding aryi Kthium ofStructure 84- The reaction is

conveniently carried out at -78 °C by the addition ofa solution of the alkyl Hthium into a

solution of a compound of Structure 83 an inert anhydrous solvent, such as diethyl ether or

tetrahydrofiiran, preferably tetrahydrofuran. The aryl Hthium ofStructure 84 produced in this

30 manner, is then reacted in situ with a solution ofthe monoketal ofcyclohexane-l,4-dione (85) in

an suitable inert solvent, for example tetrahydrofuran, while the reaction temperature is

maintained below -60 °C, preferably at about -78 °C to' give the carbinols ofStructure 86- The

compounds ofStructure 87 are obtained by the dehydration ofthe carbinols of Structure 86. The

reaction is conveniently carried out using a strong organic add catalyst, preferably p-

35 toluenesulfonic add in an inert solvent, for example benzene or toluene, preferably benzene, at
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the reflux temperature ofthe solvent The formed water is removed from the reaction mixtureby
means ofa Dean Stark apparatus to enable the reaction to go to completion. Compounds of
Structure 8g are produced by hydrogenation ofthe olefins ofStructure 87. The reaction is

conveniently carried out using a noble metal catalyst, for example palladium on carbon, in a

5 hydrogen atmosphere in an inert solvent, for example ethanol or ethyl acetate. The
hydrogenation is usually carried out at room temperature and 40 psi ofhydrogen, however ifthe
aryl ring in Structure 87 contains a group prone to hydrogenolysis, e.g., ifR3

, R4
or R5

represents

chloro, the reaction pressure is kept at about 5 psi. Compounds ofStructure 88 maybe also

obtained directly from carbinols ofStructure 86 by reductive elimination ofthe hydroxyl group.
In this reaction a solution ofthe compound ofStructure 86 (R

3= R4=H andR5= OMe) in an
inert solvent, for example dichloromethane, is treated with a Lewis add, such as boron
trifluoride etherate, and a reducing agent, for example triethylsilane, at a temperature offrom
zero degrees to room temperature. Removal ofthe ketal protecting group in compounds of
Structure 8_§ gives the ketone offormulaZL which is the starting material for Reaction SchemeQ
for preparing the Fmoc-amino acid species ofStructure 75 ofthe compound ofStructure 12. The
reaction is conveniently carried out in acetone or 2-butanone, preferably acetone under acid

catalysis, for example 4N hydrochloric acid or p-toluenesulfonic add at from room temperature
to the reflux temperature ofthe reaction mixture, preferably at the reflux temperature.

5-Substituted-beta-tetralones ofStructure 76 shown in Reaction Scheme Q which is the
starting material for preparing compound ofStruture 13 are known compounds, or ifthey are

not known they can be prepared by methods that are well known to one ofordinary skill in the
field oforganic chemistry. In the present instance, compounds ofStructure 76 are basically

prepared by two methods outlined in Reaction Schemes T and U. As shown in Scheme T, a 2-

substituted hydrodnnamic add ofStructure 90 is converted to the corresponding carboxylic add
chloride ofStructure 91. This conversion can be carried out by several methods, for example by
treatment ofthe hydrodnnamic add with oxalyl chloride, optionally in the presence of a catalytic

amount ofN,N-dimemylformamide, in an inert solvent, such as benzene or dichloromethane,
preferably dichloromethane. The reaction maybe conveniently carried out at a temperature of
from zero degrees to room temperature, preferably at room temperature. Alternativdy the
compound ofStructure 90 is reacted with an acyl chloride forming reagent such as sulfuryl

chloride in an inert solvent, for example benzene or toluene, preferably toluene at a temperature
between room temperature to the reflux temperature ofthe solution, preferably at the reflux

temperature. The diazoketone of Structure 92 is prepared by treatment ofthe thus formed acyl

halide ofStructure 91 in an inert solvent, e.g., dichloromethane with an excess ofa freshly

prepared ethereal solution ofdiazomethane. The combination ofreagents is conveniently carried

out at ice bath temperature and the reaction is then allowed to proceed at a temperature offrom
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zero degrees to room temperature, preferably at room temperature. As shown in Reaction

Scheme T, cyclization ofthe diazoketone of Structure 92 to furnish the tetralone ofStructure 76

is promoted by rhodium (II) acetate dimer in an inert solvent, e.g., dichloromethane. The

reaction is normally carried out at from room temperature to the reflux temperature,ofthe

5 solution, preferably at the reflux temperature.

Compounds ofStructure 76, which is a starting material in Reaction Scheme Q, wherein R6

represents a linear or branched lower alkoxy group can be prepared as shown in Reaction

SchemeU from compounds ofStructure 93. In Reaction Scheme U, the compounds ofStructure

94 where Rl5D
is an unbranched lower alfcyl moiety are prepared by per-O-alkyiation ofthe

10 naphthalenediol ofStructure 93 with a primary alkyl iodide or bromide, preferably an iodide, in

the presence ofa base such as an alkali metal carbonate, for example, sodium or potassium

carbonate. The reaction may be carried out in an inert solvent, preferably N,N-

dimethylformamide at a temperature offrom room temperature to 100 °C, preferably at 35 °C.

The compounds of Structure 97 where R15D
is a branched lower alkyl are prepared in two steps

15 from the 2-tetralone ofStructure 94. The tetralone of Structure 95 is subjected to

dehydrogenation in the presence of a noble metal catalyst, such as palladium metal (10% on

carbon) in a suitable high boiling solvent such as p-cymene to give the aromatized compound of

Structure 96. The naphthol ofStructure 96 is then O-alkylated with a secondary alkyl iodide in

the presence ofa base such as an alkali metal carbonate, preferably cesium carbonate to furnish

20 the compound ofStructure 97. The reaction may be conveniently carried out in an inert solvent,

preferably N,N-dimethylformamide at a temperature offrom room temperature to 100 °C,

preferably at about 40 °C.

The tetralones ofStructures 76 are produced by reduction ofthe compounds of

Structures 94 and 97 under dissolving metal conditions, followed by the acid catalyzed hydrolysis

25 of the intermediate enol ethers. The transformation is conveniently carried out by the

portionwise addition ofa large excess ofan alkali metal, such as sodium or potassium, preferably

sodium, to a boiling solution ofthe substrate in an lower alcohol, preferably ethanol until the

starting material is consumed. The tetralones of Structures 76 are obtained by treatment of a

solution ofthe isolated intermediate enol ethers with a strong acid catalyst, preferably p-

30 toluenesulfonic acid. The hydrolysis may be conveniently carried out in a mixture ofa lower

alcohol, preferably ethanol, and water at a temperature ofbetween room temperature and the

reflux temperature ofthe solution, preferably at the reflux temperature.

In preparing the compounds of Structure 77, utilized in Reaction Scheme Q as starting

materials in producing the compounds offormula 79 which are the Fmoc-amino acid species of
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the compound ofStructure 12, the compound ofStructure 23 is used as a starting material. This
is shown in Reaction Scheme V. In Reaction Scheme V, compounds ofStructure100 can be
prepared by reactions that are known/>er se. For example, they can be preparedby coupling the
secondary amine ofStructure 98 with an aryl bromide or iodide, preferably an aryl iodide of
Structure 99 (Reaction Scheme V). The coupling reaction is catalyzedby a noble metal catalyst,

preferably tri(diben2yHdeneacetone)dipalladium, in the presence ofa chelating phosphine
Hgand, preferably tri-o-tolylphosphine, and a hindered alkoxide base such as sodium tert-

butoxide. The reaction is conveniently carried out in an inert atmosphere using an anhydrous
solvent such as dioxane or toluene, preferably dioxane, at a temperature offrom 60 °C to the
reflux temperature, preferably at90°C. Removal ofthe carbonyl protecting group in

compound 100 to give compounds of Structure 77 can be carried out by a variety ofmethods
well known in the field oforganic chemistry. For example, the deprotection can be achieved by
treatment of a solution ofcompound 100 in a low boiling ketone such as acetone or 2-butanone
with an aqueous mineral acid solution, for example 6N hydrochloric acid at a temperature of
from room temperature to the reflux temperature ofthe mixture, preferably at the reflux

temperature. The compound ofStructure 100 when treated in this manner with an aqueous
mineral acid forms, in Reaction Scheme V, the compound ofStructure 77. The compound of
Structure 77, as demonstrated in the discussion ofReaction Scheme Q is the intermediate for the

compound ofStructure 79. which is the species ofacid ofStructure12 whereinQ is
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On the other hand, amino acids ofStructure 5 where R17
in R9

is lower alkyl, Le., where R9

is

CH lower alkyl

are prepared from a compound offormula 101 via Reaction SchemeV as follows:

Reaction SchemeW

Mes
106

QH
3
O

OH
NHFmoc

Bu4NN3,
NaNg

acetonitrile

1.H2, 10%Pd/C, MeOH

2.Fmoc-OSu, NaHC0
3

THF/H20

?H3 O o

N PK
v PK
Mes 107

H202,

LiOH
THF/H20

9H3 Q

5 109 108
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As shown in Reaction Scheme W, P-methyi(Nin-Mes)tryptophan 109 was prepared by using the

method previously described by Boteju, L.W., Wenger K., and Hruby, VJ. TetLett., 33, 7491

(1992). In the first step the nitrogen in *ran5-indole-3-acrylic acid 101 is protected by conversion

to the corresponding mesitylenesulfonamide 102. The reaction is carried out by treating the

5 indole acid 101 with a excess (> 2 equiv. ) ofa solution ofan alkyl or aryi lithium reagent, for

example phenyl lithium or n-butyllithium, preferably n-butyllithium in an inert solvent,

preferably tetrahydrofuran, at a temperature offrom -40 °C to about -100 °C, most conveniently

at -78 °C. While the reaction is maintained at about -78 °C, the formed dilithiated species is then

reacted with mesitylenesulfonyl chloride to furnish the mesitylenesulfonamide 102, The N-

10 protected indole acrylic add 102 is then coupled with the chiral auxiliary (R)-4-phenyl-2-

oxazolidinone (preparation see Nicolas et al.> J. Org Chem. 1993, 5S, 766-770.)as its N-lithiated

species 104 to give the chiral acrylamide 105 . The coupling was accomplished via a mixed

anhydride formed from 102. To form the mixed anhydride 103,the N-protected indole acrylic

acid 102 was reacted with a suitable acyl chloride, for example f-butyl chloroformate, 2,4,6

15 trichlorobenzoyl chloride or pivaloyl chloride, preferably pivaloyl chloride in the presence ofan

tertiary amine base, for example triethylamine or diisopropylethylamine, preferably

triethylamine. The criteria that make possible the choice ofa suitable acyl chloride to form the

anhydride 103 are well established and are known by one ofordinary skill in organic chemistry.

The anhydride formation is run in an inert solvent, for example tetrahydrofuran at an initial

20 temperature ofbetween -100 °C and 0 °C, preferably at about -78 °C The reaction is allowed to

go to completion at a temperature ofbetween -78 °C and 0 °C degrees, preferably at about 0 °C.

The thus formed mixed anhydride 103 is then reacted in situ with a solution ofN-lithiated (R)-4-

phenyl-2-oxazolidinone 104, previously prepared by treating a solution of (R)-4-phenyl-2-

oxazolidinone in an inert solvent, for example tetrahydrofuran, with an equimolar amount ofa

25 solution ofan alkyl or aryl lithium reagent, for example phenyl lithium or n-butylhthium,

preferably n-butyllithium in an inert solvent, for example, hexane at a temperature ofbetween -

100 °C and zero degrees, preferably at about -78 °C. The coupling reaction which yields the

chiral acrylamide 105 is carried out at an initial temperature ofbetween -100 °C and zero

degrees, preferably at about -78 °C, and after all the reagents are combined the reaction is

30 allowed to proceed at a temperature ofbetween -78 °C and room temperature, preferably at

about room temperature.

The highlight ofthe transformation ofthe chirjd acrylamide 105 into 106, is the

controlled generation ofthe two new contiguous chiral centers present in 106 . The reaction

involves the stereoselective 1,4- conjugate addition (Michael addition) of a methyl cuprate,

35 formed in situ from cuprous bromide-dimethylsulfide complex and methyl magnesium bromide,
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to the Micheal acceptor, the (^-unsaturated carbonyl system present in 105 . The resultant

metal-chelated enolate is then directly halogenated with a halogenating agent, preferably N-

bromosuccinimide, to give 106. Again, as in the case ofthe Michael addition, the incorporation

ofthebromo atom is stereoselective, controlled by the bulky phenyl group on the chiral auxiliary

which effectively shields the si face of both the a,|3-unsaturated acyloxazolidinone system and

the intermediate metal-chelated enolate from attack from incoming reagents. To prepare the

methyl cuprate, a solution ofmethyl magnesium bromide in diethyl ether is added to a solution

ofcuprous bromide-dimethylsulfide (1:1) complex in an inert solvent, for example dimethyl

sulfide or tetrahydrofiiran, preferably a mixture thereof. The reaction is run at a temperature of

between -78 °C and room temperature, preferably at -4 °C. Instead ofmethyl magnesium

bromide, any lower alkyl bromide can be added to form R17
where R17

is a lower alkyl group

other than methyl. To this formed solution ofmethyl cuprate, is added in situ a solution ofthe

a,P-unsaturated acyloxazolidinone 105 in an inert solvent, preferably tetrahydrofiiran. The

methyl cuprate addition is run initially at a temperature ofbetween -30° C and room

temperature, preferably at -4 °C and then is allowed to proceed at room temperature. When it is

judged that the reaction is completed (e.g. analysis byTLC or HPLC), it is then cooled to a

temperature ofbetween -100 °C and -40 °C, preferably at about -78 °C, whereupon a solution

ofa halogenating agent, preferably N-bromosuccinimide in an inert solvent, for example,

tetrahydrofiiran is added. The reaction is then allowed to proceed at a temperature ofbetween 0

°C and room temperature, preferably at about room temperature to give after isolation, the

bromide 106 . The bromide is the displaced by azide ion with a concomitant inversion of

configuration. This transformation is accomplished by reaction ofthe bromide 106 with tetra-

butylammonium azide in the presence ofexcess sodium azide in an inert solvent, for example

acetonitrile to give the azide 107. The reaction is conveniently run at a temperature ofbetween

80 °C and room temperature, preferably at about room temperature. Treatment of 107 and an

alkali metal hydroxide, or example sodium, potassium or lithium hydroxide, preferably lithium

hydroxide in the presence ofhydrogen peroxide resulted in the hydrolysis ofthe chiral auxilliary

to give the azido acid 108. The hydrolysis reaction is run in an inert solvent, preferably water, at a

temperature ofbetween 0 °C and room temperature, preferably at about 0 °C Hydrogenation of

the a-azido acid 108 gives the 0-methyl(Nin-Mes)tryptophan which is immediately converted

to the corresponding N(a)-Fmoc-P-methyl(Nin-Mes)tryptophan 109. The hydrogenation of 108

is carried out over a noble metal catalyst, preferably 10% Pd/C, in an inert solvent, for example a

lower alkanol, preferably methanol at low pressure( < 2 atmos) and at room temperature. After

removal ofthe catalyst by filtration, the volatiles are removed and the product is dissolved in an

inert solvent, for example tetrahydrofiiran or water, preferably a mixture thereof, and treated

with a mild inorganic base, for example an alkali metal bicarbonate, preferably sodium



WO 02/18437 PCT/EP01/09630

-61-

bicarbonate, and a Fmoc N-protecting group forming reagent, for example 9-fluorenylmethyi

chloroformate (Fmoc-Cl) or 9-fluorenylmethyl-N-succinimidyl carbonate (Fmoc-OSu),

preferably Fmoc-Osu to furnish 109. The reaction is conveniently run at a temperature of

between 0 °C and room temperature, preferably at about room temperature. The compound of

formula 109 is a species ofamino acid ofStructure 5 in Reaction Scheme A.

The present invention refers also to a process for the preparation ofa compound ofthe

formula:

wherein R1
to R12

, m, p, Q> X,Y and Z are as defined above by formation ofa lactam bond or a

disulfide bond at the Z position ofthe precursor linear peptides.

Pharmaceutical Compositions

The present invention also refers to pharmaceutical compositions comprising compounds

as defined above and a therapeutical inert carrier.

The compounds offormulas I and II as well as Penta-<yclo(Asp-Lys)-Asp-Apc-(D)Phe-

Ala-Trp-Lys-NH2; and Penta-cydo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2S3S) beta methyl-Trp-

Lys-NHb prepared in accordance with this invention maybe prepared in pharmaceutical

compositions suitable for administration or inhalation with a suitable carrier or vehicle by

methods known in the art

The compounds as described above can be used as medicaments, e.g. in the form of

pharmaceutical preparations, e.g. for parenteral administration. They can be administered, for

example, parenterally, e.g. in the form ofinjection solutions or infusion solutions.

The production ofthe pharmaceutical preparations can be effected in a manner which will
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be familiar to any person skilled in the art bybringing the compounds as described above,

optionally in combination with other therapeutically valuable substances, into an administration

form together with suitable, non-toxic, inert, therapeutically compatible solid or liquid carrier

materials and, ifdesired, usual pharmaceutical adjuvants.

5 Suitable carrier materials are not only inorganic carrier materials, but also organic carrier

materials.

Usual stabilizers, preservatives, wetting and emulsifying agents, consistency-improving

agents, flavour-improving agents, salts for varying the osmotic pressure, buffer substances,

solubilizers, colorants and masking agents and antioxidants come into consideration as

10 pharmaceutical adjuvants.

The dosage ofthe compounds as described above can varywithin wide limits depending on

the disease to be controlled, the age and the individual condition ofthe patient and the mode of

administration, and will, ofcourse, be fitted to the individual requirements in each particular
"

case. For adult patients a daily dosage ofabout 1 mg to about 1000 mg, especially about 10 mg to

15 about 500 mg, comes into consideration. Depending on the dosage it is convenient to administer

the daily dosage in several dosage units.

The pharmaceutical preparations conveniently contain about 1-500 mg, preferably 5-

200 mg, ofa compound as described above.

20 Treating Obesity

The compounds prepared in accordance with this invention exhibited selective MC-4

receptor agonist activity in vitro. It is known that agonists ofMC4-R activity cause reduction of

food intake in a mouse model ofhuman obesity. Therefore administration ofthese compounds

agonizes MC4-R activity which is important in the regulation ofbody weight. The

25 pharmaceutical compositions containing the compounds ofthis invention maybe formulated at

a strength effective for administration by various means to a human or animal patient

experiencing undesirably elevated body weight, either alone or as part ofan adverse medical

condition or disease, such as type II diabetes mellitus. A variety of administrative techniques can

be used. Average quantities ofthe active compound may vary and in particular should be based

30 upon the recommendations and prescription of a qualified physicial or veterinarian.

Accordingly, the present invention also relates to the use ofcompounds as defined above

for the preparation ofmedicaments for the treatment and/or prophylaxis of diseases which are
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associated with melanocortin-4-receptor activity. Further, the invention relates to a method for

the treatment and/or prophylaxis of diseases which are associated with melanocortin-4-receptor

activity, which method comprises administering a compound as defined above to a human being

or animal. The compounds are especially useful for the treatment and/or prophylaxis of obesity.

The invention also refers to a compound as defined above when manufactured by a process as

described above. In addition the invention refers to compounds as defined above for use as

therapeutic active substances, particularly as therapeutic active substances for the treatment

and/or prophylaxis of diseases which are associated with melanocortin-4-receptor, e.g. obesity.

This invention will be better understood by reference to the following examples, which

illustrate but do not limit the invention described herein. In the structures ofspecific

compounds appearing in the Examples sectiony the hydrogens have generallybeen omitted for

convenience.
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EXAMPLES

EXAMPLE 1

Preparation ofFmoc-l-amino-4-phenylcyclohexane-l-carbo3iylicacid (Fmoc-Apc)

Step 1:

H
KCN, (NH4)2C03

EtOH/H2 '0 \==J\-J y-NH

To a solution of4-phenylcydohexanone (10.0 g, 57.5 mmol) in ethanol (100 mL) and

water (33 mL) in a glass pressure bottle, were added ammonium carbonate (33 g, 344 mmol, 6

equiv.) and potassium cyanide (5.6 g, 86.2 mmol, 1.5 equiv.). The mixture was heated at 80-90

10 °C for 24 hrs. The cooled reaction mixture was added to icy water (400 ml) and stirred

vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly with

water and dried to yield the hydantoin A as a white solid (14.0 g, 100% yield).
lH NMR (DMSO-

dfi): 8.63 (s, 1H), 7.23-7.36 (m, 4), 7.15 (m, 1), 2.50 (m, 1H), 2.10 (m, 1H), 1.85 (d, 1H) and

1.55-1.80 (m, 6H).

Step 2:

o-dbz
NaOH,H20 J

—\HH
I
*2

O

The hydantoin A (10.0 g) was suspended in aqueous NaOH (6N, 350 mL) and heated at

20 130 °C for 2-3 days. Upon the completion ofthe hydrolysis, the reaction mixture was

neutralized with cone. HQ to slightly acidic (pH ~6). The resulting slurry was filtered, washed

with water and dried to give l-amino-4-phenylcyclohexane carboxyUc acid (APC) as a white
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solid (25 g, >100% yield, contaminated with inorganic salt) which was used directly for next

step. Small portion ofthe crude product was purified on HPLC. *HNMR (DMSO-ds):

7.23-7.7.35 (nU), 7.10-7.19 (m, 3H), 2.45 (m, 1H), 1.92-2.18 (m, 3H), 1.56-1.78 (m,4H) and

1.20 (m, 1H); LRMS (electrospray) m/e220 (M+l)
+
, Calcd for C13H17NO2, 219.

Step 3:

/ *yNH2 FmocCI /T~\ /—VyNHFmoc

\=/\—A)02H dioxane, H20 \==/\ /\o2H

The crude l-amino-4-phenylcyclohexane carboxylic acid (APC) from the last step (25 g)

was suspended in dioxane (300 mL) and aqueous 10% Na2C03 (150 ml) and stirred vigorously

overnight. The reaction mixture was concentrated to remove dioxane, neutralized with 6NHQ
to slightly atidic (pH 5-6) and extracted with EtOAc. The combined organic extracts "were"

washed with brine and dried over Na2S04. Removal ofthe solvent gave the crude product which

was then purified on flash chromatography (hexane/EtOAc to CFfeCWMeOH) to give pure

Fmoc-os-APC (18.2 g, 72% overall yield for two steps) and Fmoc-tams-APC (2.1 g, 8 %). Fmoc-

os-APC,
LHNMR(CD3OD), 7.79 (d, 2H), 7.72 (d, 2H), 7.37 (t, 2), 7.24-7.32 (m, 4), 7.14-7.23

(m, 3), 4.37 (d, 2H), 4.24 (t, 1H), 2.55 (m, 1H), 2.28 (m, 2H), 1.84-1.96 (m, 2H) and 1.64-1.73

(m,4H).

EXAMPLE 2

Preparation of Fmoc-l-amino-4-(4-methoxyphenyl)cycIohexane-l-carboxylic acid (Fmoc-4-

MeOApc-OH)

Stepl:

H0_//W V=0
Me '' Na2C°3

, Meo-^
acetone, reflux'
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A solution of 4-(4-hydroxyphenyl)cyclohexanone (5.0 g, 26.3 mmol) in acetone (100

mL) was treated with K2CO3 (14.5 g, 105 mmol, 4 equiv) and iodomethane (4.9 mL, 11.2 g, 78.6

mmol, 3 equiv.)- The reaction was heated at 65 °C overnight After the solvent was removed,

the residue was treated with H2O and extracted with EtOAc. The organic extracts were

5 combined and washed with brine, dried over Na2SC>4 and concentrated in vacuum to give the

spectroscopically pure 4-(4-methoxyphenyl)-cyclohexanone (5.34 g, 100 %). *H NMR(CDC13)

7.16 (dt, 2H), 6.87 (dt, 2H), 3.78 (s, 3H), 2.99 (tt, 1H), 2.47-2.53 (m, 4H), 2.20 (m, 2H) and

1.83-1.98 (m, 2H); MS (electrospray) m/e, 205 (M+l)
+

, Calcd for C13H16O2, 204.

10 Step 2:

o
B

To a solution ofthe 4-(4-methoxyphenyl)-cyclohexanone (3.86 g, 18.9 mmol) in ethanol

(50 mL) and water (15 mL) in a glass pressure botde, were added ammonium carbonate (14.5 g,

151 mmol, 8 equiv.) and potassium cyanide (2.0 g, 30.7 mmol, 1.6 equiv.). The mixture was

15 heated at 80-90 °C for 24 hrs. The cooled reaction mixture was added to icy water (300 ml) and

stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly

with water and dried to yield the hydantoin B as a white solid (4.75 g, 91% yield). MS

(electrospray) m/e 273 (M-H), Calcd for Q5H18N2O3, 274.

Step 3:

20 B C

To a suspension ofthe hydantoin B (18.7 g, 68.25 mmol) in dryTHF (450 mL) were

added di-tert-butyl dicarbonate (37.2 g, 170.5 mmol, 2.5 equiv), triethylamine (10.5 mL, 7.59 g,

75.0 mmol, 1.1 equiv) and DMAP (460 mg, 3.65 mmol) in succession. About 15 minutes after

the addition, the reaction turned into a dear yellow solution and was stirred overnight at room

25 temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that
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was then taken up in EtOAc (800 mL), washed with IN HCI (3x50 mL), saturated aqueous

Na2C03 (2x50 mL) and brine (2x50 mL), dried over anhydrous Na^Qt and concentrated under

reduced pressure. The crude light yellow product was purified through flash chromatography

(hexane/EtOAc, 90/10^70/30) to give the pure bis-Boc hydantoin C as a white solid (27.6 g,

87%). *H NMR (CDC13): 7.28 (dt, 2H), 6.88 (dt, 2H), 3.79 (s, 3H)> 2.14-2.24 (m, 2H), 1.59 (s,

9H) and 1.38 (s, 9H); MS (electrospray) m/e 538 (M+MeCN+Na)+
, Gdcd for Q5H34N2O7, 474.

Step 4:

Boc

-OOC"
0

c

The bis-Boc hydantoin C (15.08 g, 31 .78 mmol) was dissolved in DME (500 mL) to give a

clear solution. To this solution was added IN NaOH (290 mL, 290 mmol) and the reaction was

stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed

completion ofthe reaction. The reaction mixture was concentrated under reduced pressure to

remove DME and extracted with Et20. Without purification, the resulting aqueous layer

containing l-amino-4-(4-methoxyphenyl)cyclohexane carboxylic acid (4-MeOAPC) was treated

with 6N HCI to adjust the pH to 11-12. To this solution (-300 mL) were addedDME (300 mL)

and a solution ofFmoc-OSu (16.7 g, 49.42 mmol) in DME (200 mL) and the reaction was stirred

overnight at room temperature. The reaction mixture was concentrated under reduced pressure

to remove DME, acidified with 3N HCI, extracted with EtOAc. The combined organic extracts

were washed with brine, dried over anhydrous Na2S04 and concentrated. The crude product was

purified through flash chromatography (CH2Cl2/MeOH, 98/2-^90/10) to give the pure product

Fmoc-4-MeOAPC as a white solid (12.4 g, 83 % yield from the bis-Boc hydantoin C). *HNMR
(DMSO-d*), 7.88 (d, 2H), 7.76 (d, 2H), 7.40 (t, 2H), 7.30 (t, 2H), 7.11 (d, 2H)> 6.85 (d, 2H), 3.71

(s, 3H); MS (electrospray) m/e 470 (M-H), Calcd for Q9H29NO5, 471.
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EXAMPLE 3

Preparation of Fmoc-l-amino-4-(4-ethoxyphen^i)cyclohexane-l-carboxylic acid (Fmoc-4-

EtOApc-OH)

Step 1:

\\r\—// \\_/ \=n w Ptn-^ ^

A solution of 4-(4-hydroxyphenyl)cyc]ohexanone (5.0 g, 26.3 mmol) in acetone (100

mL) was treated withK2C03 (14.5 g, 105 mmol, 4 equiv) and iodoethane (10.5 mL, 20.5 g, 131

mmol, 5 equiv.). The reaction was heated at 65 °C overnight. After the solvent was removed,

10 the residue was treated with H2O and extracted with EtOAc. The organic extracts were

combined and washed with brine, dried over Na2SC>4 and concentrated in vacuum to give the

spectroscopically pure 4-(4-ethoxyphenyl)-cyclohexanone (5.74 g, 100 %). *HNMR (CDC13)

7.15 (dt, 2H), 6.86 (dt, 2H), 4.02 (q, 2H), 2.99 (tt, 1H), 2.46-2.54 (m, 4H), 2.16-2.24 (m, 2H),

1.83-2.00 (m, 2H) and 1.41 (t, 3H); MS (electrospray) m/e, 219 (M+l)
+
, Calcd for C14H18O2,

15 218.

Step 2:

D

To a solution ofthe 4-(4-ethoxyphenyl)-cycIohexanone (4.15 g> 19.01 mmol) in ethanol

20 (50 mL) and water (15 mL) in a glass pressure bottle, were added ammonium carbonate (14.5 g,

151 mmol, 8 equiv.) and potassium cyanide (2.05 g, 31.42 mmol, 1.6 equiv.). The mixture was

heated at 80-90 °C for 19 hrs. The cooled reaction mixture was added to icy water (300 ml) and

stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly

with water and dried to yield the hydantoinD as a white solid (5.17 g, 94% yield). MS

25 (electrospray) m/e 287 (M-H), Calcd for C16H20N2O3, 288.
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Step 3;

# ff Boco o
D E

To a suspension ofthe hydantoin D (4.22 g, 14.65 mmol) in dryTHF (100 mL) were

added di-tert-butyl dicarbonate (7.98 g, 36.60 mmol, 2.5 equiv), triethylamine (2.3 mL, 1.63 g,

5 16.1 1 mmol, 1.1 equiv) andDMAP (89.4 mg, 0.73 mmol) in succession. About 15 minutes after

the addition, the reaction turned into a clear yellow solution andwas stirred overnight at room

temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (300 mL), washed with IN HC1 (3x20 mL), saturated aqueous

Na2C03 (2x20 mL) and brine (2x20 mL), dried over anhydrous Na2S04 and concentrated under

10 reduced pressure. The crude light yellow product was purified through flash chromatography

(hexane/EtOAc, 90/10->70/30) to give the pure bis-Boc hydantoin E as a white solid (7.01 g,

98%).
lUNMR (CDC13): 7.27 (dt, 2H), 6.87 (dt, 2H), 4.02 (q, 2H), 1.59 (s, 9H), 1.43 (t, 3H) and

1.38 (s, 9H); MS (electrospray) m/e 999 (2M+Na)+, Calcd forC^^Oy, 488.

Step 4:

O
15 E

The bis-Boc hydantoin E (6.58 g, 13.46 mmol) was dissolved in DME (200 mL) to give a

clear solution. To this solution was added IN NaOH (121 mL, 121 mmol) and the reaction was

stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed

completion ofthe reaction. The reaction mixture was concentrated under reduced pressure to

removeDME and extracted with Et20. Without purification, the resulting aqueous layer

containing l-amino-4-(4-ethoxyphenyl)cyclohexane carboxyiic acid (4-EtOAPC) was treated

with 6N HC1 to adjust the pH to 11-12. To this solution (-130 mL) were added DME (100 mL)

and a solution ofFmoc-OSu (6.83 g, 20.24 mmol) in DME (30 mL) and the reaction was stirred

overnight at room temperature. The reaction mixture was concentrated under reduced pressure

to remove DME, acidified with 3N HC1, extracted with EtOAc. The combined organic extracts

were washed with brine, dried over anhydrous Na2S04 and concentrated. The crude product was

20

25
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purified through flash chromatography (CH2Cl2/MeOH, 98/2^90/10) to give the pure product

Fmoc-4-EtOAPC as a white solid (5.56g, 85 % yield from the bis-Boc hydantoin E). *H NMR
(DMSO-d*), 7.88 (d, 2H), 7.74 (d, 2H), 7.40 (td, 2H), 7.30 (td, 2H), 7.11 (d, 2H), 6.84 (d, 2H)>

3.97 (q, 2H) and 1.29 (t, 3H); MS (electrospray) m/e 484 (M-H), Calcd for C3oH31N05, 485.

EXAMPLE 4

Preparation ofFmoc-l-amino-4-(4-hydroxyphenyl)cyclohexane-l-carboxylic acid (Fmoc-4-

HOApc-OH)

Step 1:

10

To a solution of4-(4-hydroxyphenyl)cyclohexanone (2.00 g, 10.52 mmol) in ethanol (30

mL) and water (10 mL) in a glass pressure bottle, were added ammonium carbonate (6.17 g, 64.2

mmol, 6 equiv.) and potassium cyanide (1.07 g, 15.8 mmol, 1.5 equiv.). The mixturewas heated

at 80-90 °C overnight. The cooled reaction mixture was added to icy water (200 ml) and stirred

15 vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly with

water and dried to yield the hydantoin F as a white solid (2.56 g, 94% yield). MS (electrospray)

m/e 261 (M+H)+, Calcd for Ci4Hi6N203j 260.

Step 2:

20 F

The hydantoin F (2.10 g, 8.06 mmol) was suspended in aqueous NaOH (6N, 100 mL)

and heated at 130 °C for 2-3 days. Upon the completion ofthe hydrolysis, the reaction mixture

was neutralized with cone. HC1 to slightly acidic (pH~6). The resulting slurrywas filtered,

25 washed with water and dried to give 1 -amino-4-(4-hydroxyphenyl)cyclohexane carboxylic acid
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(4-HOAPC) as a white solid (3.1 g, MOO % yield, contaminated with inorganic salt). MS
(electrospray) mje 236 (M+H)+, Calcd for Ci3H17N03, 235.

Step 3:

The crude l-amino-4-(4-hydroxyphenyl)cyclohexane carboxylic acid (4-HOAPC) from

the last step (3.1 g) was suspended in dioxane (100 mL) and aqueous 10 % Na2C03 (50 ml) and

stirred vigorously overnight. The reaction mixture was concentrated to remove dioxane,

neutralized with 6N HC1 to slightly acidic (pH 5-6) and extracted with EtOAc. The combined

organic extracts were washed with brine and dried over Na2S04. Removal ofthe solvent gave the

crude product which was purified on flash chromatography (hexane/EtOAc to CH2Cl2/MeOH)

to give pure Fmoc-4-HOAPC (2.76 g, 75% overall yield for two steps).
lH NMR(CD3OD), 7.78

(d, 2H), 7.72 (d, 2H), 7.38 (t, 2H), 7.30 (td, 2H), 7.04 (d, 2H), 6.72 (dt, 2H), 4.38 (d, 2H), 4.25

(t, 1H), 2.46 (m, 1H), 2.24-2.34 (m, 2H) and 1.81-1.92 (m, 6H); MS (electrospray) w/e456 (M-

H), Calcd for C^yNOs, 457.

EXAMPLES
Preparation of Fmoc-l-amino-4-(4-isopropoxyphenyl)cyclohexane-l -carboxylic acid (Fmoc-4-

iPrOApc-OH)

Step 1:

A solution of 4-(4-hydroxyphenyl)cyclohexanone (6.0 g, 31.6 mmol) in DMF (90 mL)

was treated with K2C03 (21 g, 158 mmol, 5 equiv) and 2-iodopropane (15 mL, 26.8 g, 158

mmol, 5 equiv.). The reaction was heated at 100 °C overnight. After the solvent was removed,

the residue was treated with H20 and extracted with EtOAc. The organic extracts were

combined and washed with brine, dried overNa2S04 &nd concentrated in vacuum to give the

spectroscopically pure 4-(4-isopropoxyphenyl)cyclohexanone (7.02 g, 95 %).
!HNMR

(CDC13): 7.14 (dt, 2H), 6.84 (dt, 2H), 4.3 (septet, 1H), 2.97 (tt, 1H), 2.46-2.52 (m, 4H), 2.16-

2.24 (m, 2H), 1.83-1.98 (m, 2H) and L33 (d, 6H).
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Step 2:

G

To a solution ofthe 4-(4-isopropoxyphenyi)cydohexanone (5.1 g, 21.98 mmol) in

5 ethanol (90 mL) and water (30 mL) in a glass pressure bottle, were added ammonium carbonate

(12.6 g> 131 mmol, 6 equiv.) and potassium cyanide (2.14 g, 32.9 mmol, 1.5 equiv.). The mixture

was heated at 80-90 °C for 24 hrs. The cooled reaction mixture was added to icy water (400 ml)

and stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed

thoroughly with water and dried to yield hydantoin G as a white solid (6.60 g, 99% yield). *H

10 NMR (DMSO-dfi): 10.60 (s, 1H), 8.65 (s, 1H), 7.18 (d, 2H), 6.80 (d, 2H), 4.52 (septet, 1H), 2.43

(m, 1H), 1.85-2.15 (m, 2H), 1.56-1.80 (m, 6H) and 1.22 (d, 6H); MS (electrospray) m/e 301 (M-

H), Calcd for C17H22N2O3, 302.

Step 3:

15

To a suspension ofthe hydantoin G (5.8 g, 19.20 mmol) in dryTHF (180 mL) were

added di-tert-butyl dicarbonate (10.46 g, 48.0 mmol, 2.5 equiv), triethyiamine (2.9 mL, 2.13 g,

21.12 mmol, 1.1 equiv) and DMAP (140 mg, 1.15 mmol) in succession. About 15 minutes after

the addition, the reaction turned into a clear yellow solution and was stirred overnight at room

20 temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (600 mL), washed with INHQ (3x40 mL), saturated aqueous

Na2CC>3 (2x40 mL) and brine (2x40 mL), dried over anhydrous Na2S04 and concentrated under

reduced pressure. The crude light yellow product was purified through flash chromatography

(hexane/EtOAc, 90/10-^80/20) to give the pure bis-Boc hydantoinH as a white solid (9.4 g,

25 98%). *H NMR (CDCI3): 121 (dt, 2H), 6.87 (dt, 2H), 4.02 (q, 2H), 2.98 (t, 1H), 2.26-2.56 (m,
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4H), 2.14-2.24 (m, 2H), 1.76-1.86 (m, 2H), L59 (s, 9H), L43 (t, 3H) and 1.38 (s, 9H); MS
(dectrospray) m/e 999 (2M+Na)+, Calcd for C26H36N2O7, 488.

Step 4:

H

The bis-Boc hydantoin H (4.34 g, 8.64 mmol) was dissolved in DME (100 mL) to give a

clear solution. To this solution was added IN NaOH (78 mL, 78 mmol) and the reaction was

stirred overnight at room temperature, giving a fairly dearmixture. HPLC showed completion

ofthe reaction. The reaction mixture was concentrated under reduced pressure to remove DME
10 and extracted with Et20. Without purification, the resulting aqueous layer containing 1-amino-

4-(4-isopropoxyphenyl)cydohexane carboxyiic add (4-iPrOAPC) was treated with 6N HC1 to

adjust the pH to 11-12. To this solution (-90 mL) were addedDME (120 mL) and a solution of

Fmoc-OSu (3.49 g, 10.34 mmol, 1.2 equiv) in DME (20 mL) and the reaction was stirred

overnight at room temperature. The reaction mixture was concentrated under reduced pressure

15 to remove DME, addified with 3N HC1, extracted with EtOAc. The combined organic extracts

were washed with brine, dried over anhydrous Na2S04 and concentrated. The crude product was

purified through flash chromatography (hexane/EtOAc->CH2Cl2/MeOH) to give the pure

product Fmoc-4-iPrOAPC as a white solid (3.23, 75 % yidd from bis-Boc hydantoin H). *H

NMRCDMSO-da 7.76 (d, 2H), 7.60 (d, 2H), 7.39 (t, 2H), 7.31 (t, 2H), 7.08 (d, 2H), 6.84 (d,

20 2H), 4.24 (m, 1H) and 1.34 (d, 6H); MS (dectrospray) m/e 498 (M-H), Calcd for C31H33NO5,

499.
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EXAMPLE6

Preparation of Fmoc-l-amino^(4-methylphenyl)cyclohexane-l-carboxy acid (Fmoc-4-

MeApc-OH)

Step 1:

Me

5 I

To a solution of4-iodotoluene (10.9 g, 50.0 mmol) in dryTHF (180 mL) at -78 °C was

added a solution ofn-BuLi (L6 M, 31.0 mL, 50 mmol) in hexane over 20 min. The reaction was

stirred for another 20 min before a solution of 1,4-cyclohexanedione mono-eihylene ketal (6.0 g,

38.46 mmol) in dryTHF (100 mL) was added dropwise. After stirred for 2 h at -78 °C, the

10 reaction was quenched with aqueous NH4CI and extracted with EtOAc. The combined organic

extracts were washed with brine, dried over Na2S04, concentrated in vacuo to give the

spectroscopically pure product I as a white solid (9.34 g, 98% yield).
!HNMR (CDCI3): 7.41 (m,

2H), 7.16 (d, 2H), 3.98 (m, 4H), 2.34 (s, 3H); MS (EI) m/e 248 (M+), Calcd for Ci5H2o03, 248.

15 Step 2:

Me

I J

To a solution ofthe alcohol I (9.10g, 36.65 mmol) in drybenzene (200 mL) in a flask

equipped with a Dean-Stark trap, was added p-toluenesulfonic acid monohydrate (650 mg) and

the reaction was heated at 100 °C for 3 hrs. The reaction was cooled to rt, diluted with EtOAc

20 (500 mL) and washed with aqueous Na2C03 (50 mL), brine (3x50 mL), dried over Na2S04 and

concentrated under reduced pressure to give the spectroscopically pure product J (8.36 g, 100

yield), which was used for next step without purification. MS (EI) m/e 230 (M+), 190 (M-

OCH2CH20), Calcd for C15Hi802, 230.
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Step 3:

J K

To a solution ofthe olefin J (7.49 g) in EtOAc (180 mL) was added Pd/C (5 wt% on
carbon, 800 mg) and the reaction was run under 40 psi ofhydrogen for 3 hrs at room
temperature. The catalyst was filtered offand the filtrate was concentrated to give the

spectroscopically pure product K as a colorless oil (7.40 g, 100% yield). MS (EI) m/e232 (NT),

188 (M-OCH2CH2), Calcd for QsHmOz, 232.

. Step 4: . ...

K

A solution ofthe ketal K (6.90 g) in acetone (140 mL) was treated with 4N HCI (60 mL)
and heated at 65 °C for 4 hrs. Solvent was removed and the residue was diluted with EtOAc and
neutralized with 4N HQ. The aqueous was extracted with EtOAc The combined organic

extracts were washed with brine, dried and concentrated. The resulting crude 4-(4-

methylphenyl)cyclohexanone was used for next step without purification (5.57 g, quantitative

yield).MS (EI) mle 188 (M+), Calcd for C13H160, 188.
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Step 5:

L

To a solution of4-(4-methylphenyl)cyclohexanone (5.32 g, 28.3 mmol) in ethanol (90

mL) and water (30 mL) in a glass pressure bottle, were added ammonium carbonate (16.3 g,

169.8 mmol, 6 equiv.) and potassium cyanide (3.68 g, 56.5 mmol, 2 equiv.). The mixture was

heated at 80-90 °C overnight The cooled reaction mixture was added to icy water (400 ml) and

stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly

with water and dried to yield the hydantoin L as a white solid (6.3 g, 86% yield). MS
(electrospray) m/e 517 (2M+H), Calcd for Ci5HI8ClN202, 258

Step 6;

To a suspension ofthe hydantoin L (5.82 g, 22.55 mmol) in dryTHF (250 mL) were

added di-tert-butyl dicarbonate (12.3 g, 56.4 mmol, 2.5 equiv), triethylamine (3.5 mL, 2.5 g, 24.7

mmol, 1.1 equiv) andDMAP (275 mg, 2.25 mmol) in succession. The reaction turned into a

clear yellow solution and was stirred overnight at room temperature. The reaction mixture was

concentrated under reduced pressure to yield a solid that was then taken up in EtOAc (500 mL),

washed with IN HC1 (3x50 mL), saturated aqueous Na2C03 (2x50 mL) and brine (2x50 mL),

dried over anhydrous Na2SC>4 and concentrated under reduced pressure. The crude light yellow

product was purified through flash chromatography (hexane/EtOAc, 90/10->70/30) to give the

pure bis-Boc hydantoinM as a white solid (10.03 g, 100% yield).
lH NMR (CDCI3): 7.26 (d, 2H),

6.87 (d, 2H), 3.00 (m, 1H), 2.32 (s, 3H), 1.59 (s, 9H) and 1.37 (s, 9H).
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Boc

NHFmoc

U Boc
o

M

The bis-Boc hydantoinM (6.40 g, 13.97 mmol) was dissolved inDME (200 mL) to give a

clear solution. To this solution was added INNaOH (120 mL, 120 mmol) and the reaction was
stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed
completion ofthe reaction. The reaction mixture was concentrated under reduced pressure to

remove DME and extracted with Et20. Without purification, the resulting aqueous layer

containing l-amino-4-(4-methylphenyl)cyclohexane carboxylic acid (4-MeAPC) was treated

with 6N HC1 to adjust thepH to 11-12. To this solution (-140 mL) were added DME (240 mL)
and a solution ofFmoc-OSu (5.10 g, 15.13 "mmol, 1.1 equiv) inDME (40 mL) and the reaction

was stirred overnight at room temperature. The reaction mixture was concentrated under
reduced pressure to remove DME, acidified with 3N HQ, extracted with EtOAc. The combined
organic extracts were washed with brine, dried over anhydrous Na2S04 and concentrated. The

crude product was purified through flash chromatography (CHaCfe/MeOH, 98/2^90/10) to give

the pure product Fmoc-4-MeAPC as a white solid (4.35 g, 69 % yield from bis-Boc hydantoin

M).
!HNMR (DMSO-ds): 7.88 (d, 2H), 7.75 (d, 2H), 7.24-7.43 (m, 4H), 7.02-7.14 (m, 4H), 4.25

(m,3H),2.24(s,3H).

EXAMPLE 7

Preparation of Fmoc-l-aniino-4-(4-chlorophenyl)cyclohexane-l-carboxyUc acid (Fmoc-4-

ClApc-OH)

Step 1:
|s|

A solution of4-chlorophenylbromide (7.5 g, 39.2 mmol) in dryTHF (180 mL) was
cooled to -78 °C and treated dropwise with a solution ofn-BuLi (1.6 M, 25 mL, 40 mmol) i

hexane over 20 min. The reaction was stirred for a further 30 min before a solution of 1,4-
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cyclohexanedione mono-eihylene ketal (6.0 g, 38.46 mmol) in dryTHF (100 mL) was added

dropwise. After stirred for 1 hr at -78 °C, the reaction was quenched with aqueous NH4CI and

extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2SC>4, concentrated in vacuo to give the spectroscopicafly pure productN as a white solid (9.40

5 g, 91% yield).
lH NMR (CDC13 ): 7.45 (m 2H), 7.31 (m, 2H), 3.99 (m, 4H), 2.02-2.20 (m, 4H),

1.75-1.82 (m, 2H), 1.66-1.73 (m, 2H), 1.54 (s, 1H); MS (EI) m/e 268 (M*), 251 (M-OH), 250

(M-H20), CalcdforCi4H17a03,268.

Step 2:

10 N O

To a solution ofthe alcoholN (6.78 g, 25.30 mmol) in dry benzene (120 mL) in a flask

equipped with a Dean-Stark trap, was added p-toluenesulfonic acid monohydrate (960 mg) and

the reaction was heated at reflux for 3 hrs. The reaction was cooled to rt, diluted with EtOAc

(500 mL) and washed with aqueous Na2C03 (50 mL), brine (3x50 mL), dried over Na2S04 and

15 concentrated under reduced pressure to give the spectroscopicafly pure product O (6.30 g, 100

yield), which was used for next step without purification. MS (EI) m/e 250 (M*), 190 (M-

OCH2CH20), Calcd for Ci4H15C102, 250.

Step 3:

20

$ChQ-c1—OOO-
o p

To a solution ofthe olefin O (6.11 g) in EtOAc (120 mL) was added Pd/C (5 wt% on

carbon, 600 mg) and the reaction was run under 5 psi ofhydrogen for 3 hrs at room

temperature. The catalyst was filtered off and the filtrate was concentrated to give the

25 spectroscopicafly pure product P as a colorless oil (6.10 g, 100% yield). MS (EI) m/e 252(M*),

Calcd for Ci4H17Cl02, 252.
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Step 4:

A solution ofthe ketal P (5.81 g, 23.06 mmol) in acetone (200 mL) was treated with p-
toluenesulfonic add monohydrate (876 mg) and heated at 60 °C overnight Solvent was removed
and the residue was taken up in EtOAc, washed with aqueous Na2C03 solution, brine, dried and
concentrated to give the crude product as a yellow oil (5.38 g, >100% yield). Purification

through flash chromatography (heaxane/EtOAc, 80/20-^60/40) provided 4-(4-

chlorophenyl)cyclohexanone as a light yellow oil (4.54 g, 95% yidd). MS (EI) m/e 208 (M+),
Calcd for QaHijQOz, 208.

Step 5:

H P

Q

To a solution of4-(4-chlorophenyl)cydohexanone (4.26 g, 20.48 mmol) in ethanol (90
ml) and water (30 mL) in a glass pressure botde, were added ammonium carbonate (13.8 g, 144
mmol, 7 equiv) and potassium cyanide (3.56 g, 54.77 mmol, 2.5 equiv). The mixture was heated
at 80-90 °C overnight. The cooled reaction mixture was added to icy water (400 ml) and stirred

vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughlywith
water and dried to yidd the hydantoin Q as a white solid (5.58 g, 98% yidd). MS (electrospray)

m/e 277 (M-H), Calcd for Ci4H15ClN202, 278
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Q R

To a suspension ofthe hydantoin Q (5.15 g, 18.5 mmol) in dryTHF (250 mL) were

added di-tert-butyl dicaibonate (10.1 g, 46.3 mmol, 2.5 equiv), triethylamine (2.8 mL, 2.07 g,

20.45 mmol, LI equiv) and DMAP (226 mg, 1.85 mmol) in succession. The reaction turned into

a clear yellow solution and was stirred overnight at room temperature. The reaction mixture was

concentrated under reduced pressure to yield a solid that was then taken up in EtOAc (500 mL),

washed with IN HC1 (3x50 mL), saturated aqueous Na2C03 (2x50 mL) and brine (2x50 mL),

dried over anhydrous Na2S04 and concentrated under reduced pressure. The crude light yellow

product was purified through flash chromatography (hexane/EtOAc, 90/10->70/30) to give the

pure bis-Boc hydantoin R as a white solid (8.05 g, 91% yield). MS (electrospray) tn/e 542

(M+Ma+MeCN), Calcd for Q>4H3iClN206, 478

Step 7:

Boc

/T-\ /—S, JNHFmoc

r 1

^boc « w r0H

o o
R

The bis-Boc hydantoin R (6.41 g, 13.97 mmol) was dissolved in DME (200 mL) to give a

dear solution. To this solution was added IN NaOH (120 mL, 120 mmol) and the reaction was

stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed

completion ofthe reaction. The reaction mixture was concentrated under reduced pressure to

remove DME and extracted with Et20. Without purification, the resulting aqueous layer

containing l-amino-4-(4-chlorophenyl)cyclohexane carboxplic acid (4-C1APC) was treated with

6N HC1 to adjust the pH to 11-12. To this solution (-180 mL) were addedDME (240 mL) and

a solution ofFmoc-OSu (5.31 g, 15.74 mmol, LI equiv) in DME (30 mL) and the reaction was

stirred overnight at room temperature. The reaction mixture was concentrated under reduced

pressure to remove DME, acidified with 3N HCl, extracted with EtOAc. The combined organic
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extracts were washed with brine, dried over anhydrous Na2S04 and concentrated. The crude

product was purified through flash chromatography (CH2a2/MeOH, 98/2^90/10) to give the

pure product Fmoc-4-OAPC as a white solid (5.04 g, 76% yield from the bis-Boc hydantoin).
JH

NMR (DMSO-ds), 7.88 (d, 2H), 7.74 (d, 2H), 7.19-7.42 (m, 8H), 4.20-4.31 (m, 3H);MS
5 (electrospray) m/e 474 (M-H), Calcd for QgHzsClNO* 475.

EXAMPLE 8

Preparation ofFmoc-l-amino-4-(3-methoxyphenyl)cyclohexane-l-carboxylic acid (Fmoc-3-

MeOApc-OH)

10 Step 1:

00 + Ch

To a solution of3-iodoanisole (11.7, 50.0 mmol, 1.3 equiv) in dryTHF (180 mL) at -78

°C was added a solution ofn-BuLi (1.6 M, 31.0 mL, 50 mmol, 1.3 equiv) in hexane over 25 min.

15 The reaction was stirred for another 30 min before a solution of1,4-cyclohexanedione mono-

ethylene ketal (6.0 g, 38.46 mmol) in dryTHF (100 mL) was added dropwise. After stirred for 2

h at -78 °C, the reaction was quenched with aqueous NH4CI and extracted with EtOAc The
combined organic extracts were washed with brine, dried over Na2SC>4, concentrated in vacuo to

give the spectroscopically pure product S as a white solid (9.34 g, 98% yield).
]HNMR (CDCI3):

20 7.26 (dd, 1H), 7.06-7.11 (m, 2H), 6.79 (dd, 1H), 3.98 (m, 4H), 3.81 (s, 3H).

Step 2:

S
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To a stirred solution of the alcohol S (5.6 g, 21.21 mmol) in dry CH2C12 (200 mL) under

a nitrogen atmosphere at salt-ice bath temperature, were added in succession triethylsilane (10.2

mL,7.4 g, 63.63 mmol, 3 equiv) and boron trifluoride etherate (21.5 mL, 24.1 g, 169.7 mmol, 8

equiv). The reaction mixture was then allowed to warm to room temperature and stirred for 3

5 hrs before washed with 10% aqueous K2CO3 solution and H2O, dried over Na2SC>4» and

concentrated in vacuo to give the deoxygenation compound as an oil (4.9lg), which was

sufficiently pure for direct use. This crude intermediate was dissolved in acetone (130 mL) and

treated with 4N HC1 (60 mL) and heated at 65 °C for 4 hrs. Solvent was removed under reduced

pressure and the residue was diluted with EtOAc and neutralized with4N NaOH solution. The

10 aqueous layer was extracted with EtOAc and the combined organic extracts were washed with

brine, dried and concentrated. The resulting residue was purified by flash chromatography on

silica gel (80/20^60/40) to give 4-(3-methoxyphenyl)cyclohexanone (3.67 g, 85% overall yield

) as a yellow oil.
lHNMR (CDC13): 7.25 (dt, 1H), 6.75-6.86 (m, 3H), 3.81 (s, 3H), 3.00 (tt, 1H);

MS(EI)m/e2G4(M+),Cak^^

15

Step 3:

T

To a solution of4-(3-methoxyphenyl)cydohexanone (3.10 g, 15.20 mmol) in ethanol (60

20 mL) and water (20 mL) in a glass pressure bottle, were added ammonium carbonate (8.75 g,

9120 mmol, 6 equiv.) and potassium cyanide (1.98 g, 30.40 mmol, 2 equiv.). The mixture was

heated at 80-90 °C overnight The cooled reaction mixture was added to icy water (300 ml) and

stirred vigorously for 30 min. The resulting precipitate was suction filtered, washed thoroughly

with water and dried to yield the hydantoin T as a white solid (4.08 g, 98% yield).
!H NMR

25 (DMSO-d*): 7.11 (d, 1H), 6.70-6.94 (m, 3H), 3.72 (s, 3H); MS (electrospray) m/e 316

(M+MeCN+H), Calcd for C15H18N2O3, 274.
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Step4:

To a suspension ofthe hydantoin T (5.29 g, 19.30 mmol) in dryTHF (250 mL) were

added di-tert-butyl dicarbonate (10.5 g, 48.16 mmol, 2.5 equiv), triethylamine (3.0 mL, 2.17 g,

21.52 mmol, LI equiv) andDMAP (235 mg, 1.92 mmol) in succession. The reaction turned into

a clear yellow solution and was stirred overnight at room temperature. The reaction mixture was

concentrated under reduced pressure to yield a solid thatwas then taken up in EtOAc (500 mL),

washed with IN HC1 (3x50 mL), saturated aqueous Na2C03 (2x50 mL) and brine (2x50 mL),

dried over anhydrous Na2S04 and concentrated under reduced pressure. The crude light yellow

product was purified through flash chromatography (hexane/EtOAc, 80/20-^60/40) to give the

pure bis-Boc hydantoin U as a white solid (8.70 g, 95% yield). MS (electrospray) m/e 538

(M+MeCN+Na), Calcd for Q5H34N2O7, 474.

Step 5:

The bis-Boc hydantoinU (2.30 g, 4.84 mmol) was dissolved in DME (80 mL) to give a

clear solution. To this solution was added IN NaOH (44 mL, 44 mmol) and the reaction was

stirred overnight at room temperature, giving a slightly cloudy mixture. HPLC showed

completion ofthe reaction. The reaction mixture was concentrated under reduced pressure to

remove DME and extracted with Et20. Without purification, the resulting aqueous layer

containing l-amino-4-(3-methoxyphenyl)cyclohexane carboxylic acid (3-MeOAPC) was treated

with 6N HC1 to adjust the pH to 1 1-12. To this solution (-40 mL) were added dioxane (80 mL)

and Fmoc-Cl (1.73 g, 6.76 mmol, 1.4 equiv) and the reaction was stirred overnight at room

temperature. The reaction mixture was then concentrated under reduced pressure to remove

DME, neutralized with 3N HC1 and extracted with EtOAc. The combined organic extracts were
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washed with brine, dried over anhydrous Na2S04 and concentrated. The crude product was

purified by flash chromatography on silica gel (CH2Cl2/MeOH, 98/2-^90/10) to give Fmoc-3-

MeOAPC as a white solid (1.98 g, 87% yield from bis-Boc hydantoin U). *HNMR (DMSO-ds),

7.88 (d, 2H), 7.75 (d, 2H), 7.40 (td, 2H), 730 (td, 2H), 7.21 (m, 1H), 6.71-6.80 (m, 3H), 3.72 (s,

5 3H); MS (electrospray) m/e ASA (M+Na), Calcd for Cj^NOs, 471.

EXAMPLE 28

Preparation ofFmoc-(D,L)-5-bromo-2 aminotetraline-2-carboxylic acid (Fmoc-(D,L) 5-Br-Atc-

OH)

10

Step 1:

6a— 6a
A mixture of 3-(2-bromophenyl)propanoic acid (prepared in 2 steps from 2-bromobenzyl

bromide, 2.0 g, 8.73 mmole), oxalyl chloride (1.14 ml, 13.1 mmole) and methylene chloride (20

15 ml) was cooled in an ice bath and N,N-dimethylformamide (34 pL, 0.44 mmole) was added

dropwise. The mixture was stirred at room temperature for 3 hours. Concentration in vacuo

gave 3-(2-bromophenyl)propanoyl chloride which was taken up in methylene chloride and used

in the next step as a crude.

Step 2:

6a— 69,
20 Nz

A solution ofthe above acid chloride (crude, 8.73 mmole) in methylene chloride was

slowly added to a solution ofdiazomethane (generated from 5.70 g of l-methyl-3-nitro-l-

nitrosoguanidine) in ether (40 ml) cooled in an ice bath. The mixture was then warmed up to

room temperature and stirred overnight. The mixture was concentrated in vacuo and purified

25 by column chromatography (10 -> 20% ethyl acetate/hexanes) to give l-diazo-4-(2-

bromophenyl)butan-2-one (1.88 g, 85% over 2 steps). *H NMR (CDC13) 5 7.50 (1H, d, phenyl),
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7.24 (2H, m, phenyl), 7.06 (1H, m, phenyl), 5.21 (1H, broad s, diazo), 3.05 (2H, t, benzylic), 2.62

(2H,m).

Step 3:

Br Br

To a mixture of rhodium (II) acetate dimer (15 mg, 0.068 mmole) in methylene chloride

(120 ml) under reflux was slowly added a solution of l-diazo-4-(2-bromophenyl)butan-2-one

(1 .74 g, 6.85 mmole) in methylene chloride (30 ml). After the addition was complete, the

mixture was refluxed for an extra twenty minutes. The mixture was cooled to room temperature,

trifluoroacetic acid (1.5 ml) was added and the mixture was stoed at room temperature for an

hour. The reaction was quenched with saturated sodium bicarbonate solution. The layers were

separated and the methylene chloride layer was washed once more with saturated sodium

bicarbonate solution. The combined aqueous layers were back-extracted with methylene

chloride. The combined organic layers were dried over magnesium sulfate, filtered and

concentrated in vacuo to give a brown oil. Purification by column chromatography (10 -> 15%

ethyl acetate/hexanes) gave 5-bromo-p-tetralone (1.18 g, 77% yield) as a colorless oil. *H

NMR (CDC13) 8 7.46 (1H, t, phenyl), 7.05-7.09 (2H, m, phenyl), 3.58 (2H, s, benzylic), 3.22

(2H, t, benzylic), 2.54 (2H, t).

Step 4:

A mixture of 5-bromo-P-tetralone (1.18 g, 524 inmole), potassium cyanide (512 mg, 7.86

mmole), ammonium carbonate (3.0 g, 31.22 mmole), ethanol (25 ml) and water (5 ml) in a

sealed, thick walled pressure flask was heated in a 80°C oil bath for 4 days. After cooling to room
temperature, the white slurry was poured into ice-water and stirred at room temperature for a
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couple ofhours. Filtration followed by air-drying gave hydantoinV (1.31 g, 85%). *HNMR
(DMSO-d*) 5 10.71 (1H, broad, NH), 8.28 (1H, broad s, NH), 7.0-7.5 (3H, m, phenyl). LRMS

(Electrospray): CnHnBrNaO^calc. 294; observed: 293 (M-H), 295 (M-H).

Step 5:

V

A mixture of hydantoin V (1.287 g, 4.36 mmole), Ba(OH)2 . H20 (4.20 g, 22.2 nunole) in

water (25 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 4 days.

The reaction mixture was cooled to room temperature, acidified to - pH 3 using 4N sulfuric acid

10 while being stirred vigorously. The suspension was stirred in a boiling water bath for one hour

and cooled to room temperature. The white suspension was filtered and the precipitates rinsed

with water. The combined filtrate and washings were concentrated in vacuo to ~ 20 ml.

Neutralization with concentrated ammonium hydroxide solution gave white precipitate which

were filtered, washed with water and dried in vacuo overnight to give racemic 5-bromo-2-

15 aminotetraline-2-carboxyIic acid (893 mg, 76% yield). LRMS (Electrospray): CnHi2BrN02,

calc. 269; observed: 270 (M+H), 272 (M+H), 268 (M-H), 270 (M-H).

Step 6:

COjH C02H

A mixture of racemic 5-bromo-2 aminotetraline-2-carboxylic acid (882 mg, 3.27

mmole), triethylamine (0.60 ml, 4.30 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-

OSu, 1.32 g, 3.91 mmole) in acetonitrile (30 ml) and water (30 ml) was stkred at room

temperature overnight. TLC analysis of the reaction the next day indicated the presence of

25 starting material amino acid. 9-fluorenylmethyl succinimidyl carbonate (0.25 g), triethylamine

(0.6 ml) and acetonitrile (5 ml) was added and the mixture was stirred at room temperature for

another day. The reaction mixture was concentrated in vacuo to remove most of the acetonitrile,

acidified to pH -3 with 10% aqueous citric acid solution, and the white emulsion extracted twice
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with methylene chloride. The combined organic layers were washed with water, brine, dried

over magnesium sulfate. Filtration and concentration gave a crude oil which was purifiedby

column chromatography (eluted with 2 -» 5-» 10% methanol/methylene chloride) to give

racemic Fmoc-5-bromo-2 aminotetraline-2-carboxyHc acid (1.09 g, 68% yield) as a white solid.

HRMS (FAB): C^^BrNNaC^ (M+Na) calc. 514.0630; observed: 514.0643.

EXAMPLE 10

Preparation of Fmoc-(D^)-5-chIoro-2 aminotetraline-2-carboxyIic acid (Fmoc-(D,L) 5-

ClAtc-OH)

Step 1:

A mixture of 3-(2-cWorophenyl)propanoic acid (5.0 g, 27.1 mmole), thionyl cWoride

(10.9 ml, 149 mmole) and toluene (75 ml) was refluxed for two hours. Concentration in vacuo

gave 3<2-chlorophenyl)propanoyl chloride which was taken up in methylene chloride and used

in the next step without further purification.

Step 2:

N2

A solution of the above acid chloride (crude, 27.1 mmole) in methylene chloride was

slowly added to a solution of diazomethane (generated from 17.8 g of l-methyl-3-nitro-l-

nitrosoguanidine) in ether (120 ml) cooled in an ice bath. The mixture was then wanned up to

room temperature and stirred overnight The mixture was concentrated in vacuo to give 1-diazo-

4-(2-chlorophenyl)butan-2-one (5.87 g, > 100% over 2 steps) as a bright yellow oil. The

compound was used in the next step without further purification.
!HNMR (CDC13) 5 7.05-7.32

(4H, m, phenyl), 5.13 (1H, broad s, diazo), 3.00 (2H, t, benzylic), 2.57 (2H, m).
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Step 3

To a mixture of rhodium (II) acetate dimer (60 mg, 0.27 mmole) in methylene chloride

(400 ml) under reflux was slowly added a solution of crude l-diazo-4-(2-bromophenyl)butan-2-

5 one (5.87 g, 27.1 mmole theoretical) in methylene chloride (50 ml). After the addition was

complete, the mixture was refluxed for an extra twenty minutes. The mixture was cooled to

room temperature, trifluoroacetic acid (6.0 ml) was added and the mixture was stirred at room

temperature for two hours. The reaction was quenched with saturated sodium bicarbonate

solution. The layers were separated and the methylene chloride layer was washed once more

10 with saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted

with methylene chloride. The combined organic layers were dried over magnesium sulfate,

filtered and concentrated in vacuo to give a brown oil. Purification by column chromatography

(10 > 15% ethyl acetate/hexanes) gave 5-chloro-fl-tetralone (3.32 g, 68% yield for steps 1

through 3) as a light brown oil.
!HNMR (CDC13) 5 7.30 (1H, m, phenyl), 7.15 (1H, t, phenyl),

15 7.05 (1H, d, phenyl), 3.60 (2H, s, benzylic), 3:22 (2H, t, benzylic), 2.56 (2H, t).

Step 4:

W

20 A mixture of 5-chloro-0-tetralone (880 mg, 4.87 mmole), potassium cyanide (500 mg,

7.67 mmole), ammonium carbonate (2.85 g, 29.7 mmole), ethanol (24 ml) and water (6 ml) in a

sealed, thick walled pressure flask was heated in a 80°C oil bath for 66 hours. After cooling to

room temperature, the slurry was poured into ice-water and stirred at room temperature for a

couple of hours. Filtration followed by air-drying gave hydantoinW (0.92 g, 75%) as a light

25 beige solid.
!HNMR (DMSO-d6) 5 10.70 (1H, broad; NH), 8.25 (1H, broad s, NH), 7.0-7.3

(3H, m, phenyl). LRMS (Hectrospray): CI2HnClN202, calc. 250; observed: 249 (M-H), 251

(M-H).
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Step 5:

ci ci

W

A mixture of hydantoinW (880 mg, 3.51 mmole), Ba(OH)2. H20 (3.40 g, 18.0 mmole)

in water (50 ml, too dilute) in a sealed, thick walled pressure flask was heated in a 125°C oil bath

for 2 days. The reaction mixture was cooled to room temperature, acidified to - pH 3 using 4N
sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath

for two hours and cooled to room temperature. The white suspension was filtered and the

precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo

to ~ 50 ml. Neutralization with concentrated ammonium hydroxide solution gave white

precipitate which were filtered, washed with water and dried in vacuo overnight to give racemic

5-cWoro-2-ammotetraIine-2-carboxyHc acid (788 mg, 99% yield). LRMS (Electrospray):

CnHi2ClN02, calc. 225; observed: 226 (M+H), 228 (M+H), 224 (M-H), 226 (M-H).

mmole), triethylamine (0.38 ml, 2.73 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-

OSu, 904 mg, 2.68 mmole) in acetonitrile (20 ml) and water (20 ml) was stirred at room

temperature for two days. TLC analysis of the reaction after two days indicated the presence of

starting material amino acid. 9-fluorenylmethyl succinimidyl carbonate (0.12 g) and

triethylamine (0.1 ml) was added and the mixture was stirred at room temperature for another

day. The reaction mixture was concentrated in vacuo to remove most of the acetonitrile,

acidified to pH ~3 with 10% aqueous citric acid solution, and the white emulsion extracted three

times with ethyl acetate. The combined organic layers were washed with water, brine, dried

over magnesium sulfate. Filtration and concentration gave a crude oil which was purified by

column chromatography (eluted with 3 •> 6-> 8% methanol/methylene chloride) to give racemic

Step 6:

CC^H COaH

A mixture of racemic 5-chloro-2-aminotetraline-2-carboxylic acid (402 mg, 1.78
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Emoc-5-chloro-2-aminotetraline-2-carboxylic arid (540 mg, 68% yield) as a white solid HRMS
(EI): C26H22CINO4 (M) calc. 447.1237; observed: 447.1234.

5 EXAMPLE 11

Preparation of Fmoc-(D,L)-5-methoxy^2-aniinotetraline-2-carboxylic acid (Fmoc-(D,L) 5-

MeOAtc-OH)

A mixture of racemic 5-methoxy-2-amdnotetraKne-2-carboxylic acid (prepared according

to Obrecht, D. et al Helv. ChimActa. 1992, 75, 1666) (802 mg, 3.62 mmole), triethylamine

(0.62 ml, 4.45 mmole), 9-fluorenyImethyl succinimidyl carbonate (Fmoc-OSu, 1.47 g, 4.36

mmole) in acetonitrile (25 ml) and water (25 ml) was stirred at room temperature for 30 hours.

15 TLC analysis of the reaction indicated the presence of starting material amino arid. 9-

fluorenylmethyl succinimidyl carbonate (370 mg) and triethylamine (0.6 ml) were added and the

mixture was stirred at room temperature for another 24 hours. The reaction mixture was

concentrated in vacuo to remove most of the acetonitrile, acidified to pH -3 with 10% aqueous

citric acid solution, and the white emulsion was extracted three times with ethyl acetate. The

20 combined organic layers were washed with water, brine and dried over magnesium sulfate.

Filtration and concentration gave a crude oil which was purified by column chromatography

(eluted with 1 -> 3 -> 5 10% methanol/methylene chloride) to give racemic Fmoc-5-

methoxy-2-aminotetraline-2-carboxylic arid (1.14 g, 71% yield) as an off-white solid. HRMS
(FAB): C27H26NO5 (M+H) calc. 444.1812; observed: 444.1814.

Step 1:

10

25
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EXAMPLE12

Preparation ofFmoc-(D^)-5-ethox7-2-aniinotetraIine-2-carboxFKc acid (Fmoc-(D,L) 5-

EtOAtc-OH)

Step 1:

10

15

A mixture of 1,6-dmydroxynaphthalene (5.02 g, 31.3 mmole), anhydrous potassium
carbonate (52.0 g, 376 mmole), N,N-dimethylformamide (50 ml) and iodoethane (15 ml, 188
mmole) was stirred in a 35°C oil bath for 24 hours. The reaction mixture was filtered and the
solid residue was rmsed thoroughlywim ethyl ether. The filtrate and the washings were-
combined and concentrated in vacuo to remove most ofthe solvents. The brown residue was
partitioned between water and ether and the layers were separated. The ether layer was washed
with water. The combined aqueous layers were back extracted with ether. The ether extracts

were combined, washed with brine and dried over magnesium sulfate. Filtration and
concentration gave a crude brown solid (6.74 g, 99% yield). Recrystallization ofthe crude
product from hot methanol gave 1,6-diethoxynaphthalene (4.36 g, 64% yield, first crop) as a

light brown solid. 'HNMR (CDC13) 5 8.20 (1H, d, phenyl), 7.06-7.36 (4H, m, phenyl), 6.66

(1H, dd, phenyl), 4.10-423 (4H, 2 sets of q, 2 CH2), 1.45-1.56 (6H, 2 sets oft, 2 CH3).

20 Step 2:

25

v

To arefluxing solution of 1,6-diethoxynaphthalene (4.15 g, 19.2 mmole) in absolute

ethanol (100 ml) was carefully added small pieces of Sodium metal (6.8 g, 296 mmole) over 60
minutes. The mixture was refluxed for another 90 minutes. TLC indicated the presence of
unreacted starting material. Extra sodium metal (1.0 g, 43.5 mmole) was added and the reaction

mixture was refluxed for another 60 minutes. The reaction was cooled to room temperature,



WO 02/18437 PCT/EP01/09630

-92-

quenched with water and acidified with concentrated hydrochloric acid. The mixture was

concentrated in vacuo to remove most of the ethanol. The aqueous mixture was extracted three

times with ether. The combined organic layers were washed with water and dried over sodium

sulfate. Filtration and concentration gave a brown solid which was dissolved in 1:1

ethanol/water (200 ml), then p-toluenesulfonic acid (400 mg) was added. The mixture was

refluxed for 210 minutes. Extra p-toluenesulfonic acid (100 mg) was added and the mixture was

refluxed for another 60 minutes. After cooling to room temperature, most of the ethanol was

removed under reduced pressure. The aqueous mixture was extracted three times with ether and

the combined organic layers were washed with water, saturated sodium chloride solution and

dried over sodium sulfate. Filtration and concentration gave a brwon oil which was purified by

column chromatography (7% ethyl acetate/hexanes) to give 5-ethoxy-0-tetralone (2.43 g, 67%

yield) as a light yellow oil.
!HNMR (CDC13) 8 7.15 (1H, t, phenyl), 6.76 (1H, d, phenyl), 6.72

(1H, d, phenyl), 4.05 (2H, q, CH2), 3.56 (2H, s, benzylic), 3.10 (2H, t, benzylic), 2.53 (2H, t),

1.44 (3H, t,CH3).

Step 3:

X

A mixture of 5-ethoxy-P-tetralone (2.23 g, 11.7 mmole), potassium cyanide (1.20 g, 18.4

mmole), ammonium carbonate (6.75 g, 70.2 mmole), ethanol (80 ml) and water (20 ml) in a

sealed, thick walled pressure flask was heated in a 80°C oil bath for 3 days. After cooling to

room temperature, the slurry was poured into ice-water and stirred at room temperature for a

couple of hours. Filtration followed by air-drying gave hydantoin X (2.69 g, 88%) as a beige

solid.
JHNMR (DMSO-dfi) 5 10.65 (1H, broad s, NH), 8.22 (1H, broad s, NH), 7.06 (1H, t,

phenyl), 6.75 (1H, d, phenyl), 6.65 (1H, d, phenyl), 3.98 (2H, q, CH2), 1.32 (3H, t, CH3). LRMS

(Electrospray): Ci^^Os, calc. 259; observed: 258 (M-H).
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Step4:

X

A mixture of hydantoin X (2.57 g, 9.87 mmole), Ba(OH)2. H20 (9.40 g, 49.6 mmole) in

water (200 ml, too dilute) in a sealed, thick walled pressure flask was heated in a 105°C oil bath

for 39 hours. Extra Ba(OHh- H20 (9.40 g, 49.6 mmole) was added and the mixture was heated

in a 125°C oil bath for an additional 21 hours. The reaction mixture was cooled to room

temperature, acidified to ~ pH 3 using 4N sulfuric acid while being stirred vigorously. The

suspension was stirred in a boiling water bath for one hour and cooled to room temperature. The

white suspension was filtered and the precipitates rinsed with water. The combined filtrate and

washings were concentrated in vacuo to - 75 ml. Neutralization with concentrated ammonium

hydroxide solution gave white precipitate which were filtered, washed with water and air-dried

to give racemic 5-emoxy-2-aminotetraline-2-caiboxyhc acid (2.34 g, quantitative yield) as a

light beige solid. LRMS (Electrospray): C13H17NO3, calc. 235; observed: 236 (M+H), 234 (M-

H).

Step 5:

cici"*-
—"

coaH

A mixture of racemic 5-ethoxy-2-aminotetraline-2-carboxylic acid (2.22 g, 9.44 mmole),

triethylamine (2.00 ml, 14.3 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu,

4.81 g, 14.3 mmole) in acetonitrile (75 ml) and water (75 ml) was stirred at room temperature

for two days. TLC analysis of the reaction indicated the presence of starting material amino

acid. 9-fluorenyImethyI succinimidyl carbonate (645 mg) and triethylamine (1.0 ml) was added

and the mixture was stirred at room temperature for another day. The reaction mixture was

concentrated in vacuo to remove most of the acetonitrile, acidified to pH -3 with 10% aqueous

citric acid solution, and the white emulsion extracted three times with ethyl acetate. The

combined organic layers were washed with water, brine, dried over magnesium sulfate.
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Filtration and concentration gave a crude oil which was purified by column chromatography

(eluted with 3 -> 5 -> 10% methanol/methylene chloride) to give racemic Fmoc-5-etboxy-2-

aminotetraline-2-carboxylic acid (4.66 g, > quantitative yield) as a white solid HRMS (FAB):

CjgHasNOs (M+H) calc. 458.1967; observed: 458.1985.

5

EXAMPLE 13

Preparation ofFmoc-(DJ,)-5-isopropoxy-2-aminotetoline-2-caxboxylic acid (Fmoc-(D,L) 5-

iPrOAtc-OH)

10 Step 1:

A mixture of 6-methoxy-l-tetralone (5.07 g, 28.8 mmole), 10% Pd/C (3.53 g, 3.32

mmole) in dry p-cymene (250 ml) was heated to reflux under argon for 38 hours. The reaction

15 mixture was cooled to room temperature, filtered over celite and the residue rinsed thoroughly

with p-cymene. The filtrate and the washings were combined and extracted twice with IN

sodium hydroxide solution (2 x 70 ml). The combined aqueous extracts were acidified with 6N

hydrochloric acid to pH -3 and extracted three times with ether. The combined organic layers

were washed with water, dried over anhydrous sodium sulfate. Filtration and concentration gave

20 crude 5-hydroxy-6-methoxynaphthalene (2.31 g, 46% yield) as a light brown solid which was

used in the next step without further purification. LRMS (Electrospray): CnHio02, calc. 174;

observed: 173 (M-H).

Step 2:

25

A mixture of 5-hydroxy-6-methoxynaphthalene (2.10 g, 12.1 mmole), cesium carbonate

(19.7 g, 60.5 mmole), N,N-dimethylformamide (12 ml) and 2-bromopropane (3.50 ml, 36.9
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mmole) was stirred in a 40°C oil bath overnight The reaction mixture was filtered and the solid

residue was rinsed thoroughlywith ethyl ether. The filtrate and the washings were combined and

concentrated in vacuo to remove most ofthe solvents. The brown residue was partitioned

between water and ether and the layers were separated The ether layer was washed with water.

The combined aqueous layers were back extracted with ether. The ether extracts were combined,

washed with brine and dried over sodium sulfate. Filtration and concentration gave a crude

which was purified by column chromatography (2.5 -> 5% ethyl acetate/hexanes) to give 1-

isopropoxjr-6-methoxynaphthalene (2.23 g, 86% yield) as a light brown oiL ?HNMR (CDC13) 8

8.17 (1H, d, phenyl), 7.05-7.38 (4H, m, phenyl), 6.72 (1H, dd, phenyl), 4.73 (1H, m, CHofiPr),

3.92 (3H, s, OCH3), 1.42 (6H, d, 2 CH3 ofiPr).

Step 3:

To a refluxing solution of 1-isopropoxy^-methoxynaphthalene (2.23 g, 10.3 mmole) in

absolute ethanol (50 ml) was carefully added small pieces of sodium metal (3.6 g, 157 mmole)

over 45 minutes. The mixture was refluxed for a further 120 minutes. The reaction was cooled

to room temperature, quenched with water and acidified with concentrated hydrochloric acid.

The mixture was concentrated in vacuo to remove most of the ethanol. The aqueous mixture

was extracted three times with ether. The combined organic layers were washed with water and

dried over sodium sulfate. Filtration and concentration gave a reddish oil which was dissolved

in 1:1 ethanol/water (90 ml), then p-toluenesulfonic acid (200 mg) was added. The mixture was

refluxed for 60 minutes. After cooling to room temperature, most of the ethanol was removed

under reduced pressure. The aqueous mixture was extracted twice with ether and the combined

organic layers were washed with water, saturated sodium chloride solution and dried over

sodium sulfate. Filtration and concentration gave a reddish oil which was purified by column

chromatography (8 -> 15 % ethyl acetate/hexanes) to give 5-isopropoxy-fketralone (1.37 g,

65% yield) as a colorless oil.
5HNMR (CDC13) 5 7.16 (1H, t, phenyl), 6.78 (1H, d, phenyl),

6.71 (1H, d, phenyl), 4.53 (1H, m, CH of iPr), 3.56 (2H, s, benzylic), 3.08 (2H, t, benzylic), 2.50

(2H, t), 1.37 (6H, d, 2 CH3 of iPr).
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Step 4:

Y

A mixture of 5-isopropoxy-|3-tetralone (1.37 g, 6.71 mmole), potassium cyanide (660

mg, 10.1 mmole), ammonium carbonate (3.87 g, 40.3 mmole), ethanol (44 ml) and water (9 ml)

in a sealed, thick walled pressure flask was heated in a 80°C oil bath for 42 hours. After cooling

to room temperature, the slurry was poured into ice-water and stirred at room temperature for a

couple of hours. Filtration followed by air-drying gave hydantoin Y (1.64 g, 89%).

Step 5:

Y

A mixture of hydantoin Y (1.64 g, 5.98 mmole), Ba(OH)2 . H20 (5.66 g, 29.9 mmole) in

water (25 ml) in a sealed, thick walled pressure flask was heated in a 100°C oil bath for 70

hours. The reaction mixture was cooled to room temperature, neutralized to - pH 7 using 4N

sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath

for one hour and cooled to room temperature. Basified with IN sodium hydroxide solution and

the white suspension was filtered and the precipitates rinsed with water. The combined filtrate

and washings were concentrated in vacuo to - 75 ml. Neutralization with concentrated

hydrochloric acid solution gave white precipitate which were filtered, washed with water and

air-dried to give racemic 5-isopropoxy-2-aminotetraline-2-carboxylic acid (3.48 g, wet and

containing inorganic salt, > quantitative yield). LRMS (Electrospray): C14H19NO3, calc. 249;

observed: 248 (M-H).
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Step 6:

X X

mmole theoretical), triethylamine (1.10 ml, 7.89 mmole), 9-fluorenylmethyl succinimidyl

5 carbonate (Fmoc-OSu, 2.62 g, 7.77 mmole) in acetonitrile (30 ml) and water (30 ml) was stirred

at room temperature for one day. TLC analysis of the reaction indicated the presence of starting

material amino acid. 9-fluorenylmethyl succinimidyl carbonate (500 mg) was added and the

mixture was stirred at room temperature for another day. The reaction mixture was concentrated

in vacuo to remove most of the acetonitrile, acidified to pH ~3 with 10% aqueous citric acid

10 solution, and the white emulsion extracted three times with methylene chloride. The combined

organic layers were washed with water, brine, dried over magnesium sulfate. Filtration and

concentration gave a crude oil which was purified by column chromatography (eluted with 1 ->

2 -> 5 8% methanol/methylene chloride) to give racemic Fmoc-5-isopropoxy-2-

aminotetraline-2-carboxylic acid (0.50 g, 18% yield over 2 steps) as a white solid. HRMS
is (FAB): CjjJHaoNOs (M+H) calc. 472.2124; observed: 472.2117.

EXAMPLE 14

Preparation ofFmoc-(D^)-5-methyl-2-aimnotetra]ine-2-carboxyIic acid (Fmoc-(D,L) 5-

20 MeAtc-OH)

A mixture of2-methylhydrocinnamic acid (3.0 g, 18.3 mmole), oxalyl chloride (3.19 ml,

36.6 mmole) and methylene chloride (30 ml) was cooled in an ice bath and N,N-

dimethylformamide (0.14 ml, 1.81 mmole) was added dropwise. The mixture was stirred at

room temperature overnight. Concentration in vacuo gave 3-(2-methylphenyl)propanoyl

chloride which was taken up in methylene chloride and used in the next step as a crude.

Step 1:
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Step 2:

A solution of the above acid chloride (crude, 18.3 mmole) in methylene chloride was

slowly added to a solution of diazomethane (generated from 11.9 g of l-methyl-3-nitro-l-

5 nitrosoguanidine) in ether (80 ml) cooled in an ice bath. The mixture was then warmed up to

room temperature and stirred overnight. The mixture was concentrated in vacuo and purified by

column chromatography (10 -> 20% ethyl acetate/hexanes) to give l-diazo-4-(2-

methylphenyl)butan-2-one (2.08 g, 60% over 2 steps) as a bright yellow oil.

10 Step 3:

To a mixture of rhodium (II) acetate dimer (24 mg, 0.109 mmole) in methylene chloride

(200 ml) under reflux was slowly added a solution of l-diazo-4-(2-methylphenyl)butan-2-one

(2.08 g, 11.1 mmole) in methylene chloride (50 ml) over 180 minutes. After the addition was

15 complete, the mixture was refluxed for an extra twenty minutes. The mixture was cooled to

room temperature, trifluoroacetic acid (2.40 ml) was added and the mixture was stirred at room

temperature for an hour. The reaction was quenched with saturated sodium bicarbonate solution.

The layers were separated and the methylene chloride layer was washed once more with

saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted with

20 methylene chloride. The combined organic layers were dried over magnesium sulfate, filtered

and concentrated in vacuo to give a crude brown oil. Purification by column chromatography

(15% ethyl acetate/hexanes) gave 5-methyl-0-tetralone (1.48 g, 84% yield) as a light brown oil.

*HNMR (CDC13) 8 6.90-7.20 (3H, m, phenyl), 3.58 (2H, s, benzylic), 3.03 (2H, t, benzylic),

2.55 (2H, t), 2.34 (3H, s, CH3).
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Step 4:

2

A mixture of 5-methyl-|3-tetralone (1.48 g, 9.24 mmole), potassium cyanide (902 mg, 13.9

mmole), ammonium carbonate (5.33 g, 55.5 mmole), ethanol (45 ml) and water (9 ml) in a

sealed, thick walled pressure flask was heated in a 80°C oil bath for 3 days. After cooling to room

temperature, the slurrywas poured into ice-water and stirred at room temperature for a couple

ofhours. Filtration followed by air-drying gave crude hydantoin Z (1.81 g, 85% yield) as a beige

solid.
XH NMR (DMSO-ds) 5 10.66 (1H, broad s, NH), 8.22 (1H, broad s, NH), 6.85-7.05 (3H,

m, phenyl), 2.17 (3H, s, CH3).

Step 5:

Z

A mixture of hydantoin Z (1.80 g, 7.82 mmole), Ba(OH)2. H20 (7.40 g, 39.1 mmole) in

water (28 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 88

hours. The reaction mixture was cooled to room temperature, acidified to - pH3 using 4N
sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath

for an hour and cooled to room temperature. The white suspension was filtered and the

precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo

to ~ 50 ml. Neutralization with concentrated ammonium hydroxide solution gave white

precipitate which were filtered, washed with water and air-dried to give racemic 5-methyl-2-

aminotetraline-2-carboxyUc acid (1.05 g, 65% yield) as a beige solid. LRMS (Electrospray):

C12H15NO2, calc. 205; observed: 206 (M+H).
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Step 6:

5 A mixture of racemic 5-methyl-2-aminotetraline-2-carboxylic acid (1.05 g, 5.12 mmole),

triethylamine (0.93 ml, 6.67 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu,

2.24 g, 6.64 mmole) in acetonitrile (30 ml) and water (30 ml) was stirred at room temperature

for 2 days. TLC analysis of the reaction indicated the presence of starting material amino acid.

9-fluorenylmethyl succinimidyl carbonate (520 mg) was added and the mixture was stirred at

10 room temperature for another 24 hours. The reaction mixture was concentrated in vacuo to

remove most of the acetonitrile, acidified to pH -3 with 10% aqueous citric acid solution, and

the white emulsion was extracted twice with methylene chloride. The combined organic layers

were washed with water, brine and dried over magnesium sulfate. Filtration and concentration

gave a crude oil which was purified by column chromatography (eluted with 2 -> 5-> 8%

15 methanol/methylene chloride) to give racemic Fmoc-5-methyl-2-aminotetraline-2-carboxylic

acid (1.62 g, 74% yield) as an light brown solid. HRMS (FAB): C27H26NO4 (M+H) calc.

428.1862; observed: 428.1844.

20 EXAMPLE 15

Preparation ofFmoc-(D,L)-5-ethyl-2 aminotetraline-2-carboxylic acid (Fmoc-(D,L) 5-EtAtc-

OH)

Step 1:

25 A mixture of 3-(2-ethylphenyl)propanoic acid (prepared in 3 steps from l-ethyl-2-

iodobenzene, 4.24 g, 23.8 mmole), thionyl chloride (9 f50 ml, 130 mmole) and toluene (100 ml)

was refluxed for 2 hours. Concentration in vacuo gave 3-(2-ethylphenyl)propanoyl chloride

which was taken up in methylene chloride and used in the next step as a crude.
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Step 2:

A solution of 3-(2-ethylphenyl)propanoyl chloride (crude, 23.8 mmole) in methylene

chloride was slowly added to a solution of diazomethane (generated from 15.6 g of l-methyl-3-

nitro-l-nitrosoguanidine) in ether (100 ml) cooled in an ice bath. The mixture was then warmed
up to room temperature and stirred overnight The mixture was concentrated in vacuo and

purified by column chromatography (10 •» 20% ethyl acetate/hexanes) to give l-diazo-4-(2-

ethyZphenyl)butan-2-one (3.47 g, 72% over 2 steps).
JHNMR (CDC13) 5 7.1-7.25 (4H, m,

phenyl), 5.21 (1H, broad s, diazo), 2.97 (2H, m, CH2 of ethyl), 1.20 (3H, t, CH3).

Step 3:

N2

To a mixture ofrhodium (U) acetate dimer (38 mg, 0.172 mmole) in methylene chloride

(300 ml) under reflux was slowly added a solution of l-diazo-4-(2-ethylphenyl)butan-2-one

(3.47 g, 17.2 mmole) in methylene chloride (50 ml) over 90 minutes. After the addition was
complete, the mixture was refluxed for an extra twenty minutes. The mixture was cooled to

room temperature, trifluoroacetic acid (3.75 ml) was added and the mixture was stirred at room
temperature for an hour. The reaction was quenched with saturated sodium bicarbonate solution.

The layers were separated and the methylene chloride layer was washed once more with

saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted with

methylene chloride. The combined organic layers were dried over magnesium sulfate, filtered

and concentrated in vacuo to give crude 5-erhyl-P-tetralone (3.09 g, > quantitative yield) as a

reddish-brown oil. The compound was used in the next step without further purification. *H
NMR (CDCI3) 5 6.9-7.2 (3H, m, phenyl), 3.58 (2H, s, benzylic), 3.08 (2H, s, benzylic), 2.70

(2H, q, CH2 of ethyl), 2.52 (2H, t, benzylic), 1.20 (3H, t, CH3 of ethyl).
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Step 4:

AA

A mixture of 5-ethyl-{5-tetralone (3.09 g, 17.7 mmole), potassium cyanide (1.73 g, 26.6

mmole), ammonium carbonate (10.2 g, 106 mmole), ethanol (80 ml) and water (16 ml) in a

5 sealed, thick walled pressure flask was heated in a 80°C oil bath for 48 hours. After cooling to

room temperature, the white slurry was poured into ice-water and stirred at room temperature

for a couple of hours. Filtration followedby air-drying gave hydantoin AA (3.85 g> 92% yield

over 2 steps) as a light beige solid. *HNMR (DMSO-d*) 5 10.67 (1H, broad s, NH), 8.26 (1H,

broad s, NH), 6.8-7.1 (3H, m, phenyl), 1.13 (3H, t, CH3). LRMS (Hectrospray): Q4H16N2O2,

10 calc. 244; observed: 243 (M-H).

Step 5:

AA

A mixture of hydantoin AA (1.00 g, 4.09 mmole), Ba(OH)2. H20 (4.00 g, 21.1 mmole) in

15 water (20 ml) in a sealed, thick walled pressure flask was heated in a 125°C oil bath for 48

hours. The reaction mixture was cooled to room temperature, acidified to - pH 3 using 4N

sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water bath

for two hours and cooled to room temperature. The white suspension was filtered and the

precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo

20 to - 50 ml. Neutralization with concentrated ammonium hydroxide solution gave white

precipitate which were filtered, washed with water and dried in vacuo overnight to give racemic

5-ethyl-2-aminotetraline-2-carboxylic acid (796 mg, 89% yield). LRMS (Electrospray):

C13H17NO2, calc. 219; observed: 220 (M+H).
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5 A mixture ofracemic 5-ethyl-2-aminotetraHne-2-carboxyUc acid (765 mg, 3.49 mmole),

triethylamine (1.0 ml, 7.17 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu, 1.79

g, 5.31 mmole) in acetonitrile (40 ml) and water (40 ml) was stirred at room temperature for 2
days. The reaction mixture was concentrated in vacuo to remove most of the acetonitrile,

acidified to pH -3 with 10% aqueous citric acid solution, and the white emulsion extracted twice

10 with methylene chloride, twice with ethyl acetate. The methylene chloride extracts were washed
with water, brine and dried over magnesium sulfate. The ethyl acetate extracts were washed

with water, brine and dried over magnesium sulfate. Filtration and concentration gave a crude

oil which was purified by column chromatography (eluted with 2 -> 5-> 8%
methanol/methylene chloride) to give racemic Fmoc-5-emyl-2-ammotetraline-2-carboxylic acid

15 (330 mg, 21% yield) as a white solid. HRMS (FAB): CzsHajNCU (M+H) calc. 442.2018;

observed: 442.2010.

20 EXAMPLE 16

Preparation of Fmoc-(D,L)-5-isopropyl-2-ammoterraline-2-carboxyUc acid (Fmoc-(D,L) 5-

iPrAtc-OH)

25 Step 1:

CO,H

A mixture of 3-(2-isopropylphenyl)propanoic acid (prepared in 3 steps from 1-isopropyl-

2-iodobenzene, 2.01 g, 10.5 mmole), thionyl chloride (4.30 ml, 59.0 mmole) and toluene (40 ml)
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was refluxed for 2 hours. Concentration in vacuo gave 3-(2-isopropylphenyl)propanoyi chloride

which was taken up in methylene chloride and used in the next step as a crude.

Step 2:

5

A solution of 3-(2-isopropylphenyl)propanoyl chloride (crude, 10.5 mmole) in methylene

chloride was slowly added to a solution of diazomethane (generated from 6.95 g of l-methyl-3-

nitro-l-nitrosoguanidine) in ether (50 ml) cooled in an ice bath. The mixture was then warmed

up to room temperature and stirred overnight. The mixture was concentrated in vacuo and

10 purified by column chromatography (20% ethyl acetate/hexanes) to give l-diazo-4-(2-

isopropy!phenyI)butan-2-one (1.87 g, 82% over 2 steps) as a bright yellow oil.
!HNMR

(CDC13) 8 7.10-7.30 (4H, m, phenyl), 5.21 (1H, broad s, diazo), 3.15 (1H, m, CH of iPr), 3.00

(2H, t, benzylic), 2.57 (2H, m), 1.24 (6H, d, 2 CH3 of iPr).

15 Step 3:

To a mixture of rhodium (II) acetate dimer (20 mg, 0.091 mmole) in methylene chloride

(160 ml) under reflux was slowly added a solution of l-diazo-4-(2-bromophenyl)butan-2-one

(1.87 g, 8.65 mmole) in methylene chloride (25 ml) over 60 minutes. After the addition was

20 complete, the mixture was refluxed for an extra fifteen minutes. The mixture was cooled to

room temperature, trifluoroacetic acid (1.90 ml) was added and the mixture was stirred at room

temperature for 45 minutes. The reaction was quenched with saturated sodium bicarbonate

solution. The layers were separated and the methylene chloride layer was washed once more

with saturated sodium bicarbonate solution. The combined aqueous layers were back-extracted

25 with methylene chloride. The combined organic layers were dried over magnesium sulfate,

filtered and concentrated in vacuo to give a crude brown oil. Purification by column
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chromatography (5% ethyl acetate/hexanes) gave 5-isopropyI-pMetralone (1.57 g, 96% yield) as

a light yellow oil. *HNMR (CDC13) 5 6.93-722 (3H, m, phenyl), 3.59 (2H, s, benzylic), 3.24

(1H, m, CH of iPr), 3.12 (2H, t, benzylic), 2.52 (2H, t), 1.27 (6H, d, 2 CH3 of iPr).

5 Step 4:

15

BB

A mixture of 5-isopropyl-P-tetralone (1.57 g, 8.34 mmole), potassium cyanide (0.82 g,

12.6 mmole), ammonium carbonate (4.81 g, 50.1 mmole), ethanol (40 ml) and water (10 ml) in a

10 sealed, thick walled pressure flask was heated in a 80°C oil bath for 48 hours. After cooling to

room temperature, the brown slurry was poured into ice-water and stirred at room temperature

for a couple of hours. Filtration followed by ak-drying gave crude hydantoinBB as a beige

solid which was used in the next step without further purification.
aHNMR (DMSO-ds) 8 10.69

(1H, broad s, NH), 8.30 (1H, broad s, NH), 6.85-7.32 (3H, m, phenyl), 1.15 (6H, t, CH3). LRMS
(Hectrospray): Ci5H18N202, calc. 258; observed- 539 (2M+Na).

Step 5:

20

25

BB

A mixture of hydantoin BB (crude, 8.34 mmole theoretical), Ba(OH)2. H20 (7.90 g, 41.7

mmole) in water (40 ml) in a sealed, thick walled pressure flask was heated in a 125°C oU bath

for 38 hours. The reaction mixture was cooled to room temperature, acidified to ~ pH 3 using

4N sulfuric acid while being stirred vigorously. The suspension was stirred in a boiling water
bath for two hours and cooled to room temperature. The white suspension was filtered and the

precipitates rinsed with water. The combined filtrate and washings were concentrated in vacuo
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to - 50 ml. Neutralization with concentrated ammonium hydroxide solution gave white

precipitate which were filtered, washed with water and dried in vacuo overnight to give racernic

5-isopropyl-2-anunotetraline-2-carboxylic acid (1.23 g, 63% yield over 2 steps) as a beige solid.

LRMS (Electrospray): Q4H19NO2, calc. 233; observed: 232 (M-H).

5

Step 6:

A mixture of racernic 5-isopropyl-2-aminotetraIine-2-carboxyIic acid (250 mg, 1.07

mmole), triethylamine (1.2 ml, 8.61 mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-

10 OSu, 2.70 g, 8.00 mmole) in acetonitrile (30 ml) and water (30 ml) was stirred at room

temperature for 2 days. The reaction mixture was concentrated in vacuo to remove most of the

acetonitrile, acidified to pH ~3 with 10% aqueous citric acid solution, and the white emulsion

was extracted with ethyl acetate. The organic layer was washed with water, brine and dried over

sodium sulfate. Filtration and concentration gave a crude oil which was purified by column

15 chromatography (eluted with 2 -> 5-> 8% methanol/methylene chloride) to give racernic Fmoc-

5-isopropyl-2-aminotetraline-2-carboxylic acid (208 mg, 43% yield) as an off-white foam.

HRMS (FAB): C29H30NO4 (M+H) calc. 456.2175; observed: 456.2184.

20 EXAMPLE 17

Preparation of Fmoc-4ramino-l-phenylpiperidine-4-carboxylic add (Fmoc-Appc-OH)

Step 1:

»ocj +o—000
cc

To a solution ofiodoben2£ne (6.37 g, 3.5 mL, 31.2 mmole), l,4-dioxa-8-azaspiro [4.51

25 decane (10.32 g, 9.3 mL, 72.2 mmole, 2.3 equiv) and sodium tert-butoxide (8.0 g, 83.3 mmole,

2.7 equiv) in dry dioxane (120 mL) were added tris(dibenzyIideneacetone)dipalladium(0) (91

mg, 0.1 mmol) and tri-o-tolylphosphine (180 mg, 0.591 mmol). The reaction was heated at 90

°C for 26 hrs. The resulting reaction mixture was concentrated to remove solvent. The residue
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was treated with water and extracted with EtOAc The combined organic extracts were

combined, washed with brine, dried overNa2S04 and concentrated to give a brown oil This

crude product was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide

the pure product CC as a slightly yellow solid (6.08 g, 89%).
lH NMR (CDC13), 7.25 (ddt, 2H),

6.95 (dd, 2H), 6.84 (t, 1H),4.00 (s, 4H), 3.32 (t, 4H) and 1.84 (t, 4H); MS (electrospray) m/e 220

(M+H), Calcd for Ci3H,7N02, 219.

Step 2:

CC DD

To a solution ofthe ketal CC (3.22 g, 15.16 mmol) in acetone (100 mL) was added 6N
hydrochloric acid (50 mL) and the reaction was heated at reflux overnight The resulting

reaction mixture was concentrated to remove solvent. The residue was taken up in EtOAc and

neutralized with aqueous 6NNaOH solution. The layers were separated and the aqueous layer

was extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc 80/20-»60/40) to give the productDD as a yellow oil (2.58 g, 97%). MS
(electrospray) m/e 176 (M+H), Calcd for CnHi3NO, 175.

Step 3:

DD EE

To a solution ofthe ketoneDD (2.53 g, 14.46 mmol) in ethanol (75 mL) and water (25

mL) in a glass pressure botde, were added ammonium carbonate (12.9 g, 134.3 mmole, 9 equiv.)

and potassium cyanide (2.11 g, 32.5 mmol, 2 equiv.). The mixture was heated at 80-90 °C for 18

hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated with

water, extracted with EtOAc (4x). The combined organic extracts were washed with water, dried

over anhydrous Na2S04 and concentrated to give the spectroscopically pure hydantoin EE as a

white solid (3.36 g, 95% yield). MS (electrospray) m/e 246 (M+H), Calcd for CuHisN^ 245.
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EE

The hydantoin EE (3.36 g) was suspended in aqueous NaOH (6N, 100 mL) and heated at

5 130 °C for 2-3 days. Upon completion (by HPLC) of the hydrolysis, the reaction mixture was

neutralized with cone HQ to slightly acidic (pH -6). The resulting slurry was filtered, washed

with water and dried to give 4-amino-l-phenylpiperidine-4-carboxylic acid (APPC) as a white

solid (5.26 g, MOO % yield, wet and contaminated with inorganic salt), which showed a single

peak on HPLC and used directly for the next step. MS (electrospray) m/e 221 (M+H), Calcd for

10 CnHusNaO* 220.

Step 5:

cmx,—o-ccr
The crude 4-amino-l-phenylpiperidine-4-carboxylic acid (APPC) from the last step was

15 suspended in dioxane (80 mL) and aqueous 10% Na2C03 (40 ml), treated with Fmoc-Cl (5.3 g,

20.57 mmole, 1.5 equiv) and was stirred vigorously overnight The reaction mixture was then

concentrated to remove dioxane, neutralized with 6N HC1 to slightly acidic (pH 6) and extracted

with EtOAc. The combined organic extracts were washed with brine and dried over Na2S04.

Removal of the solvent gave the crude product which was purified on flash chromatography

20 (hexane/EtOAc to CH2a2/MeOH) to give pure Fmoc-APPC (4.91 g, 81% overall yield for two

steps).
lH NMR(DMSO-d<0, 7.88 (d, 2H), 7.74 (d, 2H), 7.19-7.42 (m, 8H), 4.20-4.31 (m, 3H);

HRMS mlz 465.1788, Calcd for C27H26N204Na, 465.1791
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EXAMPLE 18

Preparation of Fmoc-4-amino-l-(4-methylphenyl)piperidine-4-carboxyKcadd (Fmoc-4-

MeAppc-OH)

Step 1:

»oo + -o-

—

-ooo
FF

To a solution of4-iodotoIuene (2.12 g, 9.7 mmol), l,4-dioxa-8-azaspiro[4.5]decane (2.8

mL, 3.12 g, 21.82 mmol, 2.2 equiv) and sodium tert-butoxide (2.6 g, 27.08 mmol, 2.8 equiv) in

djy dioxane (40 mL) were added tris(dibenzyKdeneacetone)dipaIladium (0) (44.4 mg, 0.0485

mmol) and tri-o-tolylphosphine (59.0 mg, 0.194 mmol). The reaction was heated at 90 °C for 26

hrs. The resulting reaction mixture was concentrated to remove solvent. The residue was treated

with water and extracted with EtOAc. The combined organic extracts were combined, washed

with brine, dried over Na2S04 and concentrated to give brown oil This crude product was

purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the pure product FF

as a slightly yellow solid (1.937 g, 85%). *HNMR (CDC13), 7.06 (d, 2H), 6.87 (d, 2H), 3.99 (s,

4H), 3.26 (t, 4H), 2.26 (s, 3H) and 1.85 (t, 4H).

Step 2:

FF GG

To a solution ofthe ketal FF (1.58 g, 6.79 mmol) in acetone (50 mL) was added 6N
hydrochloric acid (25 mL) and the reaction was heated at reflux overnight. The resulting reaction

mixture was concentrated to remove solvent The residue was taken up in EtOAc and

neutralized with aqueous 6N NaOH solution. The layers were separated and the aqueous layer

was extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc, 90/10->70/30) to give the product GG as a yellow oil (1.27 g, 98%). MS
(electrospray) m/e 190 (M+H), Calcd forQ2Hi5NO, 189.
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Step 3:

GG HH

To a solution ofthe ketone GG (1.17 g, 6.18 mmol) in ethanol (60 mL) and water (20

mL) in a glass pressure bottle, were added ammonium carbonate (4.74 g, 49.44 mmole, 8 equiv.)

5 and potassium cyanide (1.01 g, 15.54 mmol, 2.5 equiv.). The mixture was heated at 90 °C for 22

hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated with

water, extracted with EtOAc (4x). The combined organic extracts were washed with water, dried

over anhydrous Na2S04 and concentrated to give the spectroscopicafly pure hydantoinHH as a

white solid (1.554 g, 97% yield). MS (electrospray) m/e 260 (M+H), Calcd for Q4H17N3O2, 259.

0

Step 4:

HH

The hydantoinHH (1.502 g) was suspended in aqueous NaOH (6N, 40 mL) and heated

at 130 °C for 4 days. Upon completion (by HPLC) of the hydrolysis, the reaction mixture was

15 neutralized with cone HC1 to slightly acidic (pH -6). The resulting slurry was filtered, washed

with water and dried to give 4-amino-l-(4-meth)dphenyl)piperidine-4-carboxylic acid (4-

MeAPPC) as a white solid (2.10 g, >100 % yield, wet and contaminated with inorganic salt),

which showed a single peak on HPLC and used direcdy in the next step. MS (electrospray) m/e

235 (M+H), Calcd for C13H18N202, 234.

20 Step 5:

The crude 4-amino-l-(4-methylphenyl)piperidine-4-carboxylic acid (4-MeAPPC) from

the last step was suspended in dioxane (80 mL) and aqueous 10% Na2C03 (40 ml), treated with
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Fmoc-Q (2.2 g, 8.59 mmole, 1.5 equiv) and was stirred vigorously overnight The reaction

mixture was then concentrated to remove dioxane, neutralized with 6N HC1 to slightly acidic

(pH 6) and extracted with EtOAc The combined organic extracts were washed with brine and
dried over Na2S04. Removal ofthe solvent gave the crude product which was purified on flash

chromatography (hexane/EtOAc to CH2Cl2/MeOH) to give pure Fmoc-4-MeAPPC (2.16 g, 82%
overall yield for two steps).

lH NMR (DMSO-ds): 7.88 (d, 2H), 7.72 (d, 2H), 7.39 (t, 2H), 7.30
(td, 2H), 6.99 (d, 2H), 6.82 (d, 2H), 2.18 (s, 3H);MS (electrospray) m/e 457 (M+H), Calcd for

C28H28N204.456.

) EXAMPLE 19

Preparation of Fmoc-4-anim<)-l-(4-cmorophenyl)piperidine-4-carboxyUc acid (Fmoc-4-
ClAppc-OH)

Stepl:

II

To a solution of l-chloro-4-iodobenzene (2.38 g, 10.0 mmole), l,4-dioxa-8-azaspiro [4.5]
decane (3.1 ml, 3.44 g, 24.0 mmole, 2.4 equiv) and sodium tert-butoxide (2.68 g, 28.0 mmole,
2.8 equiv) in dry dioxane (40 ml) were added tris(dibenzyKdeneacetone)dipalladium(0) (45.5
mg, 0.0497 mmol) and tri-0-tolyl-phosphine (61 mg, 0.20 mmol). The reaction was heated at 90
Cfor9hrs. The resulting reaction mixture was concentrated to remove solvent The residue
was treated with water and extracted with EtOAc. The combined organic extracts were
combined, washed with brine, dried over Na2S04 and concentrated to give a brown oil. This
crude product was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide
the pure productU as a slightly yellow solid (2.17 g, 86%).

:H NMR(CDCI3), 7.18 (dt 2H), 6.85
(dt, 2H), 3.98 (s, 4H), 3.28 (t, 4H) and 1.82 (t, 4H).

Step 2:

jj
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To a solution ofthe ketal II (2. 123 g, 8.39 mmole) in acetone (75 mL) was added 6N

hydrochloric acid (30 mL) and the reaction was heated at reflux overnight The resulting

reaction mixture was concentrated to remove solvent The residue was taken up in EtOAc and

neutralized with aqueous 6N NaOH solution. The layers were separated and the aqueous layer

5 was extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc, 95/5-> 70/30) to give the product JJ as a yellow solid (1.515 g, 86%). MS

(electrospray) m/e 210 (M+H), Calcd for QiHi2ClNO, 209.

Step 3:

JJ KK

To a solution ofthe ketone JJ (1.465 g, 6.986 mmole) in ethanol (75 mL) and water (25

mL) in a glass pressure bottle, were added ammonium carbonate (5.36 g, 55.88 mmole, 8 equiv.)

and potassium cyanide (1.135 g, 17.46 mmol, 2.5 equiv.). The mixture was heated at 80-90 °C

for 18 hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated

15 with water, extracted with EtOAc (4x). The combined organic extracts were washed with water,

dried over anhydrous Na2S04 and concentrated to give the spectroscopically pure hydantoin KK

as a white solid (1.817 g, 93% yield). MS (electrospray) m/e 280 (M+H), Calcd for

Ci3HhC1N302,279.

Step 4:

KK

The hydantoin KK (1.768 g) was suspended in aqueous NaOH (6N, 50 mL) and heated at

130 °C for 4 days. Upon the completion (by HPLC) of the hydrolysis, the reaction mixture was

neutralized with cone. HC1 to slightly acidic (pH -6). The resulting slurry was filtered, washed

with water and dried to give 4-amino-l-(4-chlorophenyl)piperidine-4-carboxylic acid (4-

25 C1APPC) as a white solid (2.05 g, >100 % yield, wet and contaminated with inorganic salt),
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which showed a single peak on HPLC and used directly for the next step. MS (electrospray) m/e

253 (M-H), Calcd for Ci2HisC1N202, 254

Step 5:

The crude 4-amino-l-(4^Morophenyl)piperidine-4-carboxyhc acid (4-C1APPC) from the

last step was suspended in dioxane (100 mL) and aqueous 10% Na2C03 (50 ml), treated with

Fmoc-Cl (2.0 g, 7.75 mmOle, 1.2 equiv) and was stirred vigorously overnight The reaction

mixture was then concentrated to remove dioxane, neutralized with 6N HC1 to slightly acidic

(pH 6) and extracted with EtOAc. The combined organic extracts were washed with brine and

dried overNa2S04. Removal of the solvent gave the crude product which was purified on flash

chromatography (hexane/EtOAc to CH^Cl^eOH) to give pure Fmoc-4-ClAPPC (1.18 g, 81%
overall yield for two steps). *HNMR (DMSO-dj): 7.87 (d, 2H), 7.71 (d, 2H), 7.39 (td, 2H), 7.30

(td, 2H), 7.20 (d, 2H), 6.92 (d, 2H), 3.44 (d, 2H), 2.93 (t, 2H); MS (electrospray) m/e 477

(M+H), Calcd for C27H25N2O4, 476.

EXAMPLE 20

Preparation of Fmoc-4-amino-l-(4-phenoxyphenyI)piperidme-4-carboxyKcadd (Fmoc-4-

PhOAppc-OH)

Step 1:

00 + Ph0-O-' -* ph-OO0
LL

To a solution of l-iodo-4-phenoxybenzene (3.15 g, 10.6 mmol), l,4-dioxa-8-azaspiro

[4.5] decane (3.3 mL, 3.66 g, 25.6 mmole, 2.4 equiv) and sodium tert-butoxide (2.85 g, 29.7

mmol, 2.8 equiv) in dry dioxane (40 mL) were added tris (dibenzylideneacetone) dipaUadium

(0) (48.5 mg, 0.053 mmol) and tri-o-tolyl- phosphine (64 mg, 0.4 mmol). The reaction was

heated at 90 °C for 9 hrs. The resulting reaction mixture was concentrated to remove solvent.



WO 02/18437

-114-

PCT/EP01/09630

The residue was treated with water and extracted with EtOAc. The combined organic extracts

were combined, washed with brine, dried over Na2S04 and concentrated to give a brown oil

This crude product was purified on flash chromatography (hexane/EtOAc, 95/5 to 80/20) to

provide the pure product LL.asa slightly yellow solid (2.805, 85%). *H NMR (CDClj), 7.26-7.32

(m, 2H), 7.03 (t, 1H), 6.92-6.97 (m, 6H), 4.00 (s, 4H), 3.26 (t, 4H), 1.86 (t, 4H),

Step 2;

LL MM

To a solution ofthe ketal LL (2.755 g, 8.86 mmol) in acetone (90 mL) was added 6N

hydrochloric acid (45 mL) and the reaction was heated at reflux overnight. The resulting

reaction mixture was concentrated to remove solvent. The residue was diluted with EtOAc and

neutralized with aqueous 6N NaOH. The layers were separated and the aqueous layer was

extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated to give the crude product which was purified on flash chromatography

(hexane/EtOAc 90/10 to 70/30) to give the productMM as a yellow oil (2.21 g, 93%). MS
(electrospray) m/e 268 (M+H), Calcd for Ci7H17ClN02, 267.

Step 3:

MM NN

To a solution ofthe ketoneMM (2.01 g, 7.52 mmol) in ethanol (80 mL) and water (25

mL) in a glass pressure bottle, were added ammonium carbonate (5.78 g, 60.0 mmol, 8 equiv.)

and potassium cyanide (1.22 g, 18.80 mmol, 2.5 equiv.). The mixture was heated at 80-90 °C for

18 hrs. The cooled reaction mixture was concentrated in vacuo and the residue was treated with

water, extracted with EtOAc (4x). The combined organic extracts were washed with water, dried

over anhydrous Na2S04 and concentrated to give the spectroscopically pure hydantoinNN as a

white solid (2.34 g, 95% yield). MS (electrospray) m/e 338 (M+H), Calcd for Ci9H 19N303, 337.
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Step 4:

o

NN

The hydantoinNN (2.28 g, 6.76 mmole) was suspended in aqueous NaOH (6N, 60 ml)

and heated at 130 °C for 4 days. Upon completion (by HPLC) ofthe hydrolysis, the reaction

5 mixture was neutralized with cone.HQ to slightly acidic (pH ~6). The resulting slurry was

filtered, washed with water and dried to give 4-amino-l-(4-phenoxyphenyl)piperidine-4-

carboxyUc acid (4-PhOAPPC) as a white solid (2.53 g, >100 % yield, wet and contaminated with

inorganic salt), which showed a single peak on HPLC and used directiy for the next step. MS
(electrospray) m/e 313 (M+H), Calcd for Ci 8H2oN203 , 312.

10 Step 5:

The crude 4-amino-l-(4-phenoxyphenyl)piperidine-4-carboxylic acid (4-PhOAPPC)

from the last step was suspended in dioxane (50 L) and aqueous 10 % Na2C03 (50 ml) and

stirred vigorously overnight The reaction mixture was concentrated to remove dioxane,

15 neutralized with 6N HC1 to slightly acidic (pH 6) and extracted with EtOAc The combined

organic extracts were washed with brine and dried over Na2S04. Removal ofthe solvent gave the

crude product which was purified on flash chromatography (hexane/EtOAc to GH2Cl2/MeOH)
to give pure Fmoc-4-PhOAPPC (2.18 g, 60% overall yield for two steps).

JH NMR (DMSO-d6):

7.87 (d, 2H), 7.72 (d, 2H), 7.38 (t, 2H), 7.30 (td, 4H), 7.02 (dt, 1H), 6.86-6.96 (m, 6H), 3.35 (m,

20 2H), 2.94 (t, 2H); MS (electrospray) m/e 535 (M+H), Calcd forC^^Os, 534.
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EXAMPLE21

Preparation of Fmoc-4-amino-l-(2-methyiphenyl)piperidine-4-carboxylic add(Fmoc-2-

MeAppc-OH)

Step 1:

<X>d-— d-oo
00

To a solution of2-iodotoluene (4.36 g, 2.5 mL, 20.0 mmol), l,4-dioxa-8-

azaspiro[4.5]decane (6.88 g, 6.2 mL, 48.1 mmol, 2.4 equiv) and sodium tert-butoxide (5.3 g, 55.2

mmol, 2.8 equiv) in dry dioxane (80 mL) were added tris(dibenzylideneacetone)dipalladium(0)

(91 mg, 0.1 mmol) and tri-o-tolylphosphine (122 mg, 0.4 mmol). The reaction was heated at 90

°C for 26 hrs. The resulting reaction mixture was concentrated to remove solvent The residue

was treated with water and extracted with EtOAc. The combined organic extracts were

combined, washed with brine, dried over Na2S04 and concentrated to give brown oil This crude

product was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the

pure productOO as a slightly yellow solid (2.66 g, 57%).
lHNMR (CDC13), 7.12-7.18 (m, 2H),

6.94-7.06 (m, 2H), 4.01 (s, 4H), 2.98 (t, 4H) and 1.88 (t, 4H).

Step 2:

d-oo^d-o
OO pp

To a solution ofthe ketal OO (2.66 g, 11.4 mmol) in acetone (70 mL) was added 6N

hydrochloric acid (35 mL) and the reaction was heated at 85 °C overnight The resulting

reaction was concentrated to remove solvent. The residue was diluted with EtOAc and

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was

extracted with EtOAc. The combined organic extracts.were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc, 90/10 to 70/30) to give the product PP as a yellow oil (2.04 g, 95%). MS
(electrospray) m/e 190 (M+H), Calcd forQ2Hi5NO, 189
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d-o
pp

To a solution ofthe ketone PP (1.54 g, 8.15 mmol) in ethanol (60 mL) and water (20 mL)
in a glass pressure bottle, were added ammonium carbonate (4.69 g, 48.9 mmol, 6 equiv.) and
potassium cyanide (800 g, 12.2 mmol, 1.5 equiv.). The mixture was heated at 80-90 °C for 18

hrs. The cooled reaction mixture was added to icywater (300 ml) and stirred vigorously for 30
min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to

yield the hydantoin QQ as a white solid (2.01 g, 95% yield). MS (electrospray) m/e 260 (M+H),
Calcd for C14H17N3O2, 259

Step 4:

QQ RR

To a suspension ofthe hydantoin QQ (1.07 g, 4.13 mmol) in dry THF (25 mL) were

added di-fert-butyl dicarbonate (2.25 g, 10.32 mmol, 2.5 equiv), triethylamine (0.63 mL, 460 mg,

4.54 mmol, 1.1 equiv) and DMAP (36 mg, 0.29 mmol) in succession. About 15 minutes after the

addition, the reaction turned into a dear yellow solution andwas stirred overnight at room
temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (300 mL), washed with IN HC1 (3x30 mL), saturated aqueous

Na2C03 (2x30 mL) and brine (2x30 mL), dried over anhydrous Na2S04 and concentrated under
reduced pressure. The crude light yellow product was purified through flash chromatography

(hexane/EtOAc, 90/10^80/20) to give the pure bis-Boc hydantoin RR as a white solid (1.71 g,

90%). MS (electrospray) m/e 460 (M+H), Calcd for C24H33N306, 459
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Step 5:

RR

The bis-Boc hydantoin RR (1.71g, 3.72 mmol) was dissolved in DME (23 mL) to give a dear

solution. To this solution was added IN NaOH (33 mL, 33 mmol) and the reaction was stirred

5 overnight at room temperature, giving a fairly clear mixture. HPLC showed completion ofthe

reaction. The reaction mixture was concentrated under reduced pressure to removeDME and

extracted with Et20. Without purification, the resulting aqueous layer containing 4-amino-l-(2-

methylphenyl)piperidine-4-carboxylic acid (2-MeAPPC) was treated with 6N HCl to adjust the

pH to 11-12. This solution (30 mL) was then diluted with 1,4-dioxane (30 mL) and treated with

10 Fmoc-Cl (1.28 g, 4.96 mmol, 1.3 equiv) and stirred overnight at room temperature. The reaction

mixture was concentrated under reduced pressure to remove dioxane, neutralized with IN HCl

and extracted with EtOAc. The combined organic extracts were washed with brine, dried over

anhydrous Na2SC>4 and concentrated. The crude product was purified through flash

chromatography (hexane/EtOAc^CH2Cl2/MeOH) to give the pure product Fmoc-2-MeAPPC

15 as a white solid (1.09 g, 64 % yield from the bis-Boc hydantoin RR).
lH NMR (DMSO-ck): 7.87

(d, 2H), 7.74 (d, 2H), 7.40 (td, 2H), 7.31 (td, 2H), 7.12 (m, 2H), 6.97 (d, 1H), 6.92 (td, 1H),

2.72-2.88 (m, 4H) and 2.22 (s, 3H); MS'(electrospray) m/e 457 (M+H), Calcd forC^H^O^
456.

20 EXAMPLE 22

Preparation of Fmoc-4-amino-l-(2-isopropylphenyi)piperidine-4-carboxylic acid (Fmoc-2-

iPrAppc-OH)

Step 1:

ss



WO 02/18437 PCT/EP01/09630

-119-

To a solution of l-iodo-2-ko-propylbenzene (10.0 g, 40.7 mmol), l,4-dioxa-8-

azaspiro[4.5]decane (12.0 mL, 13.3 g, 93.0 mmol, 2.3 equiv) and sodium tert-butoxide (10.0 g,

104.2 mmol, 2.6 equiv) in dry dioxane (160 mL) were added

tris(dibenzylideneacetone)dipalladium(0) (180 mg, 0.197 mmol) and tri-o-tolyl-phosphine (244

mg, 0.80 mmol) and the reaction was heated at 90 °C for 26 hrs. The resulting reaction mixture

was concentrated to remove solvent, treated with water and extracted with EtOAc. The

combined organic extracts were combined, washed with brine, dried over Na2S04 and

concentrated to give a brown oil. This crude product was purified on flash chromatography

(hexane/EtOAc, 95/5->75/25) to provide the pure product SS as a slightly yellow solid (3.61 g,

35% yield). MS m/z 262 (M+H), Calcd forQ^NO* 261.

Step 2:

SS TT

To a solution ofthe ketal SS (3.24 g, 12.4 mmol) in acetone (90 mL) was added 6N

hydrochloric acid (45 mL) and the reaction was heated at reflux overnight. The resulting

reaction mixture was concentrated to remove solvent and the residue was diluted with EtOAc,

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was

extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2SC>4 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc, 90/10->70/30) to give the product TT as a yellow oil (2.42 g, 89%). *H NMR
(CDC13): 7.27 (m, 1H), 7.04-7.19 (m, 3H), 3.58 (m, 1H), 3.20 (t, 4H), 2.60 (t, 4H) and 1.25 (d,

6H); MS m/z 218 (M+H), Calcd for C14H19NO, 217

Step 3:

To a solution ofthe ketone TT (2.30 g, 10.6 mmol) in ethanol (90 mL) and water (20 mL)

in a glass pressure bottle, were added ammonium carbonate (8.1 g, 84.3 mmol, 8 equiv) and
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potassium cyanide (1.72 g, 26.5 mmol, 2.5 equiv). The mixture was heated at 80-90. °C for 18

hrs. The cooled reaction mixture was added to icy water (400 ml) and stirred vigorously for 30

min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to

yield the hydantoin UU as a white solid (2.78 g, 91% yield). MS m/z 288 (M+H), Calcd for

C16H2iN302,287.

Step 4:

Boc

To a suspension ofthe hydantoin UU (2.74 g, 9.54 mmol) in dryTHF (100 mL) were

added di-tert-butyl dicarbonate (5.2 g, 24.24 mmol, 2.5 equiv), triethyiamine (1.5 mL, 1.07 g,

10.5 mmol, 1.1 equiv) and DMAP (46 mg, 0.29 mmol) in succession. About 15 minutes after the

addition, the reaction turned into a dear yellow solution and was stirred overnight at room

temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (300 mL), washed with brine (3x30 mL), dried over anhydrous

Na2S04 and concentrated under reduced pressure. The crude light yellow product was purified

through flash chromatography (hexane/EtOAc, 90/10-^80/20) to give the pure bis-Boc

hydantoinW as a white solid (4.39 g, 94% yield). MS m/z 488 (M+H), Calcd for C26H37N306 ,

487.

Step 5:

W
The bis-Boc hydantoinW (2.34g, 4.8 mmol) was dissolved in DME (30 mL) to give a clear

solution. To this solution was added IN NaOH (45 mL, 45 mmol) and the reaction was stirred

overnight at room temperature, giving a fairly clear mixture. HPLC showed completion ofthe

reaction. The reaction mixture was concentrated under reduced pressure to remove DME and

extracted with Et20. Without purification, the resulting aqueous layer containing 4-amino-l-(2-
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isoproP)dphenyl)piperidiiie-4-carboxyiic add (2-iPrAPPC) was treated with 6N HC1 to adjust

thepH to 11-12. This solution (-45 mL) was then diluted with 1,4-dioxane (45 mL) and treated

with Fmoc-Q (1.78 g, 6.89 mmol, 1.5 equiv) and stirred overnight at room temperature. The
reaction mixture was concentrated under reduced pressure to remove dioxane, neutralized with
INHQ and extracted with EtOAc The combined organic extracts were washed with brine,

dried over anhydrous Na2S04 and concentrated. The crude product was purified through flash

chromatography (hexane/EtOAc^O^Clz/MeOH) to give the pure product Fmoc-2-iPrAPPC as

a white solid (1.46 g, 63 % yield from the bis-Boc hydantoin). HRMS m/z 507.2263, Calcd for

C3oH32N204Na, 507.2260.

EXAMPLE 23

Preparation of Fmoc-4-animo-l-(3-memylphenyl)piperidine-4-carboxyKc acid (Fmoc-3-

MeAppc-OH)

Step 1:

Me

WW
To a solution of3-iodotoluene (4.36 g, 2.6 mL, 20.0 mmol), l,4-dioxa-8-azaspiro [4.5]

decane (6.88 g, 6.2 mL, 48.1 mmol, 2.4 equiv) and sodium tert-butoxide (5.3 g, 55.2 mmol, 2.8

equiv) in dry dioxane (80 mL) were added tris (dibenzyHdeneacetone) dipaUadium (0) (91 mg,
0.1 mmol) and tri-o-tolylphosphme (122 mg, 0.4 mmol). The reaction was heated at 90 °C for 26
hrs. The resulting reaction mixture was concentrated to remove solvent. The residue was treated

with water and extracted with EtOAc. The combined organic extracts were combined, washed
with brine, dried over Na2S04 and concentrated to give a brown oil. This crude product was
purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the pure product
WW as a slightly yellow solid (3.21 g, 69%).
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Me Me

WW XX

To a solution ofthe ketalWW (1.25 g, 5.36 mmol) in acetone (20 mL) was added 6N

hydrochloric acid (10 mL) and the reaction was heated at reflux overnight The resulting

5 reaction was concentrated to remove solvent. The residue was diluted with EtOAc and

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was

extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

(hexane/EtOAc, 90/10 to 70/30) to give the productXX as a yellow oil (843 mg, 83% yield). MS

- 10 m/zl90(M+H),CalcdforCi2H15NO,189.

Step 3:

XX YY

To a solution of the ketone XX (763 g, 4.03 mmol) in ethanol (45 mL) and water (15 mL)

in a glass pressure bottle, were added ammonium carbonate (3.09 g, 32.21 mmol, 8 equiv) and

15 potassium cyanide (675 mg, 10.38 mmol, 2.5 equiv). The mixture was heated at 80-90 °C for 18

hrs. The cooled reaction mixture was added to icy water (200 ml) and stirred vigorously for 30

min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to

yield the hydantoin YY as a white solid (930 mg, 89% yield). MS mlz 260 (M+H), Calcd for

Ci4H17N302,259.

20 Step 4:

YY ZZ

WO 02/18437

Step 2:
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To a suspension ofthe hydantoin YY (780 mg, 3.012 mmol) in dryTHF (22 mL) were

added di-fert-butyl dicarbonate (1.64 g, 7.52 mmol, 2.5 equiv), triethylamine (0.42 mL, 305 mg,

3.01 mmol, 1.0 equiv) and DMAP (20 mg, 0.164 mmol) in succession. About 5 minutes after the

addition, the reaction turned into a dear yellow solution and was stirred overnight at room

5 temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (300 mL), washed with brine (3x30 mL), dried over anhydrous

Na2S04 and concentrated under reduced pressure. The crude light yellow product was purified

through flash chromatography (hexane/EtOAc, 90/10^80/20) to give the pure bis-Boc

hydantoin ZZ as a white solid (1.37 g, quantitative). HRMS m/z 482.2261 (M+Na), Calcd. for

10 C24H33N306Na, 482.2267.

Step 5:

ZZ

The bis-Boc hydantoin ZZ (1.29 g, 2.818 mmol) was dissolved in DME (20 mL) to give a

clear solution. To this solution was added IN NaOH (25 mL, 25 mmol) and the reaction was

15 stirred overnight at room temperature, giving a fairly dear mixture, HPLC showed completion

ofthe reaction. The reaction mixture was concentrated under reduced pressure to remove DME
and extracted with Et20. Without purification, the resulting aqueous layer containing 4-amino-

l-(3-methylphenyl)piperidine-4-carboxylic acid (3-MeAPPC) was treated with 6N HCl to adjust

the pH to 11-12. This solution (30 mL) was then diluted with 1,4-dioxane (30 mL) and treated

20 with Fmoc-Cl (1.46 mg, 5.65 mmol, 2.0 equiv) and stirred overnight at room temperature. The

reaction mixture was concentrated under reduced pressure to remove dioxane, neutralized with

IN HCl and extracted with EtOAc. The combined organic extracts were washed with brine,

dried over anhydrous Na2S04 and concentrated. The crude product was purified through flash

chromatography (hexane/EtOAc-> CH2Cl2/MeOH) to give the pure product Fmoc-3-MeAPPC

25 as a white solid (1.002 g, 78 % yield from the bis-Boc hydantoin). HRMS m/z 479.1940 (M+Na),

Calcd. for CagHzsNzCXiNa, 479.1947.
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EXAMPLE 24

Preparation of Fmoc-4-amhio-l-(3-methoxyphenyl)piperidine-4-carboxylic acid (Fmoc-3-

MeOAppc-OH)

Step 1:

MeO MeO

5 AAA

To a solution of 3-iodoanisole (4.68 g, 2.4 mL, 20.0 mmol), l,4-dioxa-8-azaspiro [4.5]

decane (6.2 mL, 6.88 g, 48.1 mmol, 2.4 equiv) and sodium tert-butoxide (5.3 g, 552 mmol, 2.8

equiv) in dry dioxane (80 mL) were added tris(dibenzyladeneacetone)dipalladium(0) (91 mg, 0.1

mmol) and tri-o-tolyiphosphine (122 mg, 0.4 mmol) and the reaction was heated at 90 °C for 26

10 hrs. The resulting reaction mixture was concentrated to remove solvent and the residue was

treated with water and extracted with EtOAc. The combined organic extracts were combined,

washed with brine, dried over Na2S04 and concentrated to give brown oil. This crude product

was purified on flash chromatography (hexane/EtOAc, 95/5 to 75/25) to provide the pure

productAAA as a slightly yellow solid (3.10 g, 62% yield). MS m/z (M+H), 250 (M+H), Calcd

15 forCuHi9N03,249.

Step 2:

MeO MeO

AAA BBB

To a solution ofthe ketalAAA (3.10 g, 12.45 mmol) in acetone (90 mL) was added 6N

20 hydrochloric acid (45 mL) and the reaction was heated at reflux overnight. The resulting

reaction was concentrated to remove solvent The residue was diluted with EtOAc and

neutralized with aqueous NaOH (6N). The layers were separated and the aqueous layer was

extracted with EtOAc. The combined organic extracts were washed with brine, dried over

Na2S04 and concentrated. The crude product was purified on flash chromatography

25 (hexane/EtOAc, 90/10 to 70/30) to give the product BBB as a yellow oil (2.53 g, 99% yield). *H
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NMR (CDCI3): 7.20 (m, 1H), 6.58 (d, 1H), 6.39-6.56 (m, 2H), 3.80 (s, 3H), 3.59 (m, 4H) and

2.58 (m,4H).

Step 3:

To a solution ofthe ketone BBB (1.81 g, 8.82 mmol) in ethanol (60 mL) and water (20

ml) in a glass pressure bottle, were added ammonium carbonate (6.77 g, 70.52 mmol, 8 equiv)

and potassium cyanide ( 1.14g, 17.6 mmol, 2.0 equiv). The mixture was heated at 80-90 °C for 18

hrs. The cooled reaction mixture was added to icy water (200 ml) and stirred vigorously for 30

min. The resulting precipitate was suction filtered, washed thoroughly with water and dried to

yield the hydantoin CCC as a white solid (2.23 g, 92% yield). MS m/z 276 (M+H), Calcd for

Ci4HI7N303,275.

Step 4:

CCC DDD

To a suspension ofthe hydantoin CCC (1.10 g, 4.00 mmol) in dryTHF (50 mL) were

added di-fert-butyl dicarbonate (2.18 g, 10.0 mmol, 2.5 equiv), triethylamine (0.62 mL, 445 mg,

4.4 mmol, 1.1 equiv) and DMAP (20 mg, 0.164 mmol) in succession. About 15 minutes after the

addition, the reaction turned into a dear yellow solution and was stirred overnight at room

temperature. The reaction mixture was concentrated under reduced pressure to yield a solid that

was then taken up in EtOAc (300 mL), washed with brine (3x30 mL), dtfed over anhydrous

Na2S04 and concentrated under reduced pressure. The crude light yellow product was purified

through flash chromatography (hexane/EtOAc, 90/10->80/20) to give the pure bis-Boc

hydantoin DDD as a white solid (1.90 g, quantitative),
lH NMR (CDCI3): 7.16 (t, 1H), 6.57 (d,

1H), 6.24 (s, 1H), 6. 19 (d, 1H), 3.77 (s, 3H), 1.58 (s, 9H), 1.42 (s, 9H); MS m/z 476 (M+H),

Calcd for Ca^NsO;, 475.
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o

DDD

The bis-Boc hydantoin DDD (1.06 g, 2.23 mmol) was dissolved in DME (20 mL) to give

a clear solution. To this solution was added INNaOH (20 mL, 20 mmol) and the reaction was

5 stirred overnight at room temperature, giving a fairly clear mixture. HPLC showed completion

ofthe reaction. The reaction mixture was concentrated under reduced pressure to removeDME
and extracted with Et20. Without purification, the resulting aqueous layer containing 4-amino-

l-(3-methoxyphenyl)piperidine-4-carbox7hc acid (3-MeOAPPC) was treated with 6N HC1 to

adjust the pH to 1 1-12. This solution (35 mL) was then diluted with 1,4-dioxane (35 mL) and

10 treated with Fmoc-CI (755 mg, 2.93 mmol, 1.3 equiv) and stirred overnight at room

temperature. The reaction mixture was concentrated under reduced pressure to remove dioxane,

neutralized with IN HC1 and extracted with EtOAc. The combined organic extracts were washed

with brine, dried over anhydrous Na2S04 and concentrated. The crude product was purified

through flash chromatography (hexane/EtOAc-> CH2CyMeOH) to give the pure product

15 Fmoc-3-MeOAPPC as a white solid (668 mg, 63 % yield from the bis-Boc hydantoin DDD). *H

NMR (CDC13): 7.83 (d, 2H), 7.72 (d, 2H), 7.41 (td, 2H), 7.34 (dt> 2H), 7.16 (t, 1H), 6.52 (d, 1H),

6.42 (s, 1H), 6.36 (d, 1H), 4.25 (m, 3H), 3.68 (s, 3H), 3.23-3.40 (m, 2H), 2.96 (t, 2H) and 1.86-

2.18 (m, 4H). HRMS m/z 495.1901 (M+Na), Calcd. for C28H28N205Na, 495.1896.

20 EXAMPLE 25

Preparation of Fmoc-l-amino-4-cydohexylcydohexane-l-carboxylic acid (Fmoc-Achc-OH)

Step 1:

EEE
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A mixture of4-c7dohexylcycloliexanone (3.00 g, 16.6 mmole), potassium cyanide (1.63 g,

25.0 mmole), ammonium carbonate (9.59 g, 99.8 mmole), ethanol (75 ml) and water (15 ml) in

a sealed, thick walled pressure flask was heated in a 80°C oil bath for 15 hours. After cooling to

room temperature, the white slurry was poured into ice-water and stirred at room temperature

5 for a couple ofhours. Filtration and air-drying gave hydantoin EEE (6.10 g, still wet, >100%

yield) as a white solid. *HNMR (DMSO-d*) 8 10.52 (1H, broad, NH), 8.43 (1H, broad s, NH),

0.80-L80 (20H, m). LRMS(APCI): d^NjO* calc. 250; observed: 249 (M-H), 251 (M+H).

Step 2:

EEE

A mixture of hydantoin EEE (1.39 g, 5.55 mmole) and 6N sodium hydroxide solution

(50 ml) in a sealed, thick walled pressure flask was heated in a 130°C oil bath for 2 days. The

reaction mixture was cooled in an ice bath, neutralized to - pH 7 using concentrated

hydrochloric acid. The white slurry was filtered and the precipitates rinsed with water to give

crude l-amino-4-cyclohexyIcyclohexane-l-carboxylic acid (48.3 g, wet and containing

inorganic salts, >100% yield). LRMS (Electrospray): Q3H23NO2, calc. 225; observed: 226

(M+H).

Step 3:

A mixture of crude l-amino-4-cyclohexylcyclohexane-l-carboxyUc acid (48.3 g, 5.55

mmole theoretical), triethyiamine (1.0 ml, 7.17 mmole), 9-fluorenylmethyl succinimidyl

carbonate (Fmoc-OSu, 2.43 g, 7.20 mmole) in acetonitrile (75 ml) and water (75 ml) was stirred

at room temperature for 24 hours. The reaction mixture was concentrated in vacuo to remove

most ofthe acetonitrile, acidified to pH -3 with 10% aqueous citric acid solution, and the white

emulsion extracted three times with methylene chloride. The combined organic layers were

washed with water, brine, dried over magnesium sulfate. Filtration and concentration gave a

crude oil which was purified by column chromatography (eluted with 1 -> 5 -> 8%
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methanol/methylene chloride) to give Fmoc-l-amino-4-fra«s-q^dohexylqrcIohexane-l-

carboxylic acid (250 mg, 10% yield for two steps). HRMS (FAB): C^H^NC^ (M+H) calc.

4482488; observed: 448.2497.

EXAMPLE 26

Preparation ofFmoc-l-amino-4,4-diphenylcyclohexane-l-carboxylic acid (Fmoc-Adpc-OH)

Step 1:

A mixture of4,4-diphenyIcycIohexanone (prepared by hydrogenation of4,4-

diphenylcyclohexenone according to the procedures ofFreeman, P.K. etaL J. Org. Chem. 1989,

54, 782-789) (1.55 g, 6.19 mmole), potassium cyanide (0.65 g, 9.97 mmole), ammonium

carbonate (3.60 g, 37.5 mmole), ethanol (48 ml) and water (12 ml) in a sealed, thick walled

pressure flask was heated in a 80°C oil bath for 24 hours. After cooling to room temperature, the

white slurry was poured into ice-water and stirred at room temperature for a couple ofhours.

Filtration and air-drying gave hydantoin FFF (1.89 g, 95% yield) as a white solid. *HNMR
(DMSO-d6) 8 10.57 (1H, broad, NH), 8.59 (1H, broad s, NH), 7.00-7.50 (10H, m, phenyl).

LRMS (Hectrospray): C20H20N2O2, calc. 320; observed: 319 (M-H).

Step 2:

FFF

A mixture ofhydantoin FFF (1.88 g, 5.87 mmole), barium hydroxide monohydrate (5.60

g, 29.6 mmole) and water (100 ml, too dilute!) in a sealed, thick walled pressure flask was heated

in a 105°C oil bath for 2 days. More barium hydroxide monohydrate (5.60 g, 29.6 mmole) was
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added and the mixture was heated in a 105°C oil bath for another 24 hours. The reaction

mixture was cooled to room temperature, acidified to ~ pH 3 using 4N sulfuric acid while being

stirred vigorously. The suspension was stirred in a boiling water bath for two hours and cooled

to room temperature. The white suspension was filtered and the precipitates rinsed with water.

The combined filtrate and washings were concentrated in vacuo to ~ 30 ml. Neutralization with
concentrated ammonium hydroxide solution gave white precipitates which were filtered, washed
with water and dried in vacuo overnight to give crude l-ammo-4,4-mphenyIcydohexane-l-

carboxylic acid (0.52 g, 30% yield) as a white solid. LRMS (Electrospray): CI9H21N02, calc. 295;

observed: 294 (M-H), 296 (M+H).

Step 3:

A rnixture ofcrude l-arnino-4,4-diphenylcyclohexane-l-carboxylic acid (510 mg, 1.73

mmole), triethylamine (0.37 ml, 2.65 mrnole), 9-fluorenylmethyl succirumidyl carbonate (Fmoc-
OSu, 880 mg, 2.61 mmole) in acetonitrile (25 ml) and water (25 ml) was stirred at room
temperature overnight. TLC analysis ofthe reaction indicated the presence ofstarting material
amino acid. 9-fluorenylmethyl succinimidyl carbonate (200 mg) and acetonitrile (5 ml) were
added and the rnixture was stirred at room temperature for another 24 hours. The reaction

mixture was concentrated in vacuo to remove most ofthe acetonitrile, acidified to pH ~3 with

10% aqueous citric acid solution, and the white emulsion extracted three times with ethyl

acetate. The combined organic layers were washed with water, brine, dried over sodium sulfate.

Filtration and concentration gave a crude oil which was purified by column chromatography

(eluted with 1 4 -> 8% methanol/methylene chloride) to give Fmoc-l-amino-4,4-

diphenylcyclohexane-l-carboxyHc acid (350 mg, 39% yield) as a white solid. HRMS (FAB):

C34H32NO4 (M+H) calc. 518.2331; observed: 518.231
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EXAMPLE 27

Preparation ofFmoc- 1-amino-4-tarns-t-butylcyclohexane-1-carboxylic acid (Fmoc-Abc-OH)

Step 1:

GGG

A mixture of4-f-butylcyclohexanone (2.00 g, 13.0 mmole), potassium cyanide (1.27 g, 19.5

mmole), ammonium carbonate (7.48 g, 77.8 mmole), ethanol (60 ml) and water (12 ml) in a

sealed, thick walled pressure flask was heated in a 80°C oil bath for 15 hours. After cooling to

room temperature, the white slurrywas poured into ice-water and stirred at room temperature

for a couple ofhours. Filtration gave hydantoin GGG (2.78 g, 96% yield) as a white solid which

was used in the next step as a crude. *H NMR (DMSO-d*) 5 10.52 (1H, broad, NH), 8.50 (1H,

broad s, NH), 0.81 (9H, s, f-Bu).

Step 2:

o^fj ^
GGG

A mixture of hydantoin GGG (2.78 g, 12.4 mmole), barium hydroxide monohydrate

(11.74 g, 62.0 mmole) and water (50 ml) in a sealed, thick walled pressure flask was heated in a

120°C oil bath for 2 days. The reaction mixture was cooled to room temperature, acidified to ~

pH 3 using 4N sulfuric acid while being stirred vigorously. The suspension was stirred in a

boiling water bath for one hour and cooled to room temperature. The white suspension was

filtered and the precipitates rinsed with water. The combined filtrate and washings were

concentrated in vacuo to ~ 30 ml. Neutralization with concentrated ammonium hydroxide

solution gave white precipitates which were filtered, wkshed with water and dried in vacuo

overnight to give l-amino-4-/ro^-/-butylcyclohexane-l-caiboxylic acid (2.10 g, 85% yield) as

a white solid.



WO 02/18437

Step 3:

-131-

PCT7EP01/09630

5°2" Bo.*

A mixture ofcrude l-amino^-fram-f-butylcyclohexyl-l-carboxylic acid (2.10 g, 10.54

mmole), 9-fluorenylmethyl succinimidyl carbonate (Fmoc-OSu, 6.33 g, 7.20 mmole) in dioxane

(150 ml) and 10% sodium carbonate solution (120 ml) was stirred at room temperature for 24
hours. The reaction mixture was concentrated in vacuo to remove most ofthe dioxane, acidified

to pH ~3 with 3N HC1, and the white emulsion extracted twice with methylene chloride. The
combined organic layers were washed with water, brine, dried over magnesium sulfate.

Filtration and concentration gave a crude which was purified by column chromatography (eluted

with 1 -> 4 -» 5% methanol/methylene chloride) to give Fmoc-l-amino-4-fawis-f-

butylcydohexane-l-carboxylic acid (1.42 g, 32% yield). HRMS (FAB): CkHmNO* (M+H) calc.

422.2331; observed: 422.23

EXAMPLE 28

Preparation of 3S, 2S-Fmoc-(L)-betamethy (Nin-Mes) tryptophan, Fmoc-(L)-p-Me(Nin-

Mes)Trp-OH)

Step 1:

TT
H 7

Mes

HHH

To a solution oftrans-3-indolearyHc acid (15.0 g, 0.08 mole) in 350 mL ofdryTHF at -78

°C was slowly added 125 mL of 1.6M n-BuLi in hexane. The resulting suspension was stirred at

-78 °C for 1 hr. Then, a solution of2-mesitylenesulfonyl chloride (21.9 g, 0.1 mole) in 50 mL of
dryTHF was slowly added. The mixture was warmed to rt, and stirred overnight. The mixture

was poured to a saturated aqueous NH4CI solution. The layers were separated and the aqueous

layer was extracted with EtOAc. The combined organic layer was dried over sodium sulfate.

Removal ofsolvents gave 14.1 g ofcrude productHHH which was used for the next step without
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further purification. *HNMR analysis indicates that it contains 2.8 g of2-mesitylenesuIfonic

acid
lHNMR (CD3OD) 5 7.57 (s, 1H), 7.42 (d, 1H), 7.15-7.30 (m, 3H), 7.02 (s, 2H), 6.54 (d,

1H), 6.36 (d, 1H), 2.52 (s, 9H), 2.30 (s, 3H).

Step 2:

Mes

HHH III

To a solution ofN-2-mesitylenesulfonyi-trans-3-indolearylic acid (3.26 g, 8.8 mmole) in

140 mL of dry THF at -78 °C were added 3.7mL (3 equiv.) oftriethylamine and 2. 17 mL (2

equiv.) ofMe3CCOCL The resulting mixture was stirred at -78 °C for 15 min, and at 0 °C for 1.5

hr. The mixture was cooled down to -78 °C, to which was added 5.5 mL of 1.6M n-BuLi in

hexane, then added a mixture of (R)-4-phenyl-2-oxazoIidinone and n-BuIi in THF (prepared by

adding 11 mL of 1.6M n-BuLi in hexane to a solution of (R)-4-phenyi-2-oxazolidinone (2.87 g,

17.6 mmole) in 70 mL ofdryTHF at -78 °C) through a cannula. The resulting mixture was.

stirred at -78 °C for 2 hr, and at rt overnight. The reaction was quenched byNH4CI aqueous

solution ( 100 mL). After removal ofthe organic solvents in vacuo, the aqueous residue was

extracted with EtOAc. The combined organic layer was dried over sodium sulfate. Filtration and

concentration gave a crude product which was purified by a flash chromatography

(EtOAc/hexane, 1:4) to give the productm as light brown gum in 63% yield (2.86 g). LR-

Electrospray: C^H^OsS, cal: 514 observed: m/z 515 (M+H).

Step 3:

To a mixture ofCuBr.Me2S (0.84 g, 4.08 mmolfe) and 5 mL of dimethyl sulfide in 10 mL
ofdryTHF at-4 °C was added 1.36 mL of3M CH3MgBr in ether. After stirring for 10 min, the

above product (1.4 g, 2.72 mmole) in 8 mL ofdryTHF was added The resulting mixture was

stirred at -4 °C for 1 hr, and at rt for 6 hr. After cooling to -78 °C, to the mixture was added 1.45
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g (8.16 mmole) ofN-bromosuccinimide in 15 mL ofdry THF. The mixture was stirred at -78 °C

for 30 min, and at rt overnight The mixture was poured to 100 mL ofbrine, and extracted with

EtOAc (2x100 mL). The organic layer was dried over sodium sulfate. Filtration and

concentration gave a^crude product which was purifiedby a flash chromatography

(EtOAc/hexane, 1:4) to give the product JJJ as light brown gum in 46% yield (0.77 g). *HNMR
(CDC13) 5 7.63 (d, 1H), 7.47 (s, 1H), 7.20-7.37 (m, 8H), 6.98 (s, 2H), 6.16 (d, 1H), 5.13 (dd, 1H),

4.49 (t, 1H), 4.17 (dd, 1H), 3.75 (dt, 1H), 2.54 (s, 9H), 2.31 (s, 3H), 1.59 (d, 3H).

The above bromide JJJ (0.72 g, 1.18 mmole) was mixed with tetra-n-butylammonium

azide (1.68 g, 5.9 mmole) and sodium azide (77 mg, 1.18 mmole) in 10 mL of acetonitrile, and

stirred at rt for 6 hr. The mixture poured to 100 mL ofNH4G aqueous solution and extracted

with EtOAc (2x100 mL). The organic layer was dried over sodium sulfate. Filtration and

concentration gave a crude product which was purifiedby a flash chromatography

(EtOAc/CH2Cl2/hexane5 1:2:5) to give the product KKK as light brown gum in 82% yield (0.55

g).
lH NMR (CDC13) 5 7.65 (d, 1H), 7.59 (s, 1H), 7.18-7.29 (m, 8H), 6.90 (s, 2H), 5.54 (d, 1H),

5.50 (dd, 1H), 4.78 (t, 1H), 4.35 (dd, 1H), 3.62 (quintet, 1H), 2.43 (s, 9H), 2.28 (s, 3H), 1.28 (d,

Step 4:

Mes

JJJ KKK

3H).

Step 5:

Mes Mes

KKK LLL

To a mixture ofthe above azide KKK (0.55 g, 0.96 mmole), water (4 mL) and THF (12

mL) at 0 °C was added 0.65 mL of30% H202 , then added 48 mg (2 equiv.) ofLiOH in 1 mL
water. The resulting mixture was stirred at 0 °C for 2 hr. The reaction was quenched with
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Na^SC^ (1 g) in 6 mL water. The mixture was stirred at rt for additional 30 min. After removal

ofthe organic solvent, the aqueous solution was diluted with 10 mL ofsaturatedNaHC03

solution and extracted with EtOAc (2x30 mL). Filtration and concentration gave a crude

product which was purified by a flash chromatography (HOAc/MeOH/EtOAc, 1:10:100) to give

5 the product ILL as ofF-white solid in 83% yield (0.34 g). LR-Hectrospray: G21H22N4O4S, cal: 426

observed: m/z 425 (M-H).

Step 6:

Mes Mes

LLL

10 The above azido acid LLL (0.34 g, 0.8 mmole) was dissolved in 20 mL ofmethanol. To

the solution was added 170 mg of 10% Pd on carbon. The resulting mixture was stirred at rt

underH2 (balloon) for 3 hr. After filtration and concentration, the crude was dissolved in a

mixed solvent ofTHF (12 mL) and water (4 mL). To the mixture were added NaHC03 (254 mg,

3 mmole) and Fmoc-OSu (540 mg, 1.6 mmole). The resulting mixture was stirred at rt for 18 hr.

15 Diluted with 30 mL of saturated NH4CI solution and extracted with EtOAc (2x30 mL). Filtration

and concentration gave a crude product which was purified by a flash chromatography

(HOAc/MeOH/EtOAc, 1:10:100) to give the product 3S, 2S-Fmoc-(L)-beta methy (Nin-Mes)

tryptophan as ofF-white solid in 50% yield (0.25 g). LR-Electrospray: C36H34N206S, cah 622

observed: m/z 621 (M-H).

EXAMPLE 29

Preparation ofFmoc-Linker-BHA Resin

Benzhydrylamine copoIystyrene-1% divinylbenzene cross-linked resin (10.0 g, 9.3 mequiv, 100-

200 ASTM mesh, Advanced ChemTech) was swelled in 100 mL CH2CI2, filtered and washed

25 successively with 100 ml each ofCH2CI2, 6% DDPEA/CH2CI2 (two times), CH2CI2 (two times).

The resin was treated with p- [(R, S)-a-[l-(9H-fluoren-9-yl)-methoxyformamido]-2,4-
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dimethoxybenzyl]-phenoxyacetic acid (Fmoc-Linker) (7.01 g, 13.0 mmole), N-

hydroxybenzotriazole (2.16 g, 16.0 mmole), and diisopropylcarbodiimide (2.04 ml, 13.0 mmol)

in 100 mL 25% DMF/CH2Q2 for 24 hours at room temperature. The resin was filtered and

washed successively with 100 ml each ofCH2CI2 (two times), isopropanol (two times), DMF,

and CH2CI2 (three times). A Kaiser ninhydrin analysis was negative. The resin was dried under

vacuum to yield 16. 12 g ofFmoc-Linker-BHA resin. A portion ofthis resin (3.5 mg) was

subjected to Fmoc deprotection and quantitative UV analysis indicated a loading of0.56

mmoVg.

EXAMPLE 29

Preparation ofAc-Me-Cydo(Asp-Lys)-Asp-His-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed

ofone cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 12

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

1.2 mmol), Fmoc-His (Trt) (600 mg 12 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-Nle (430, 12 mmol) and

HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1-5 ofprotocol 1,

washed with CH2CI2 (three times) and treated with 1 mL acetic anhydride in 6%

DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml each

ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.2 g ofAc-Heptapeptide resin. The Ac-heptapeptide resin was treated with 100
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yL ethanedithiol, 100 piL dimethyisulfide, 250 fiL anisole, and 10 mL trifluoroacetic acid at room

temperature for 180 min. The resin was filtered off, washed with ~2 ml TFA and die filtrates

precipitated in chilled ethyl ether. The precipitates were centrifuged and the ether layer

decanted. The residue was washed with two or three volumes ofEt£0 and recentrifuged and the

crude linear product was dried under vacuum to yield 250 mg ofan off-white solid. The crude

peptide was subjected to cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 250 ml ofDMF, 600 of N-methyl

morpholine was added to have an apparentpH of 8.0. 300 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on aVydac Cl8-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 60 mg (15 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C50H69N15O9 cal: 1024 observed: m/z (1025 M+H).

EXAMPLE 31

Preparation ofPenta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
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one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 12 mmol)
andHBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 12
mmol), Fmoc-Apc (550 mg 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Asp (OBut) (500

mg, 1.2 mmol) andHBTU (452 mg, 12 mmol). The peptide resin was carried through steps 1 -

5 ofprotocol 1, washed with CH2Q2 (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml

each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.0 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 |iL ethanedithiol, 100 jiL

dimethylsulfide, 250 \il anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 mlTFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 220 mg ofan off-white solid The crude peptide was subjected to

cydization without purification. 220 mg ofthe crude linear peptides was dissolved in 220 ml of

DMF, 500 fiL ofN-methyl morpholine was added to have an apparentpH of 8.0. 280 mg of

BOP was added and the cydization was monitored by HPLC. Typically the cyclization was

completed within 18-24 hours. 10 ml ofwater was added to stop the reaction, DMF was

evaporated in vacuum, and the resulting reaction mixture was purifiedbyHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x20cm) and duted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peakwas cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 53 mg (13%) of a

white, amorphous powder. This compound was homogeneous byHPLC. LR-FJectrospray

C54H72N12O8 cal: 1017 observed: m/z (1018 M+H).
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Preparation ofPenta-q^cIo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2)Nal-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

(2)Nal (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2. mmol), Fmoc-Arg (Pmc) (800 mg, 12

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) andHBTU (452 mg,

10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.1 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 \iL ethanedithiol, 100 |iL

dimethylsulfide, 250 fiL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 220 mg of an off-white solid. The crude peptide was subjected to

cydization without purification.
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240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 fri, ofN-methyl
morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

5 reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5
x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg (14 %) ofa

0 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CseHttNuOs cal: 1028 observed: m/z (1029 M+H).

EXAMPLE 33

Preparation ofPenta-cydo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-N-methyl(2)Nal-Lys-NH
2

Fmoc-Lmker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Two coupling cycles were performed
ofone cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-(2)Nal (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2. mmol).

After Fmoc removal from 2-Nal residue, the resulting amine was converted to its 2-

nitrobenzene sulfonyl derivative using 2-mtrobenzenesulfonyi chloride (5 eq., 426 mg, 1.93

mmol) and DIPEA (5 eq.) as the base in DMF. Washings were performed using DMF (6 x 30
ml) followedbyCH2Cl2 (3x30 ml) and the resin was dried under vacuum. The sulfonamide
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obtained was subjected to methyiation using triphenylphosphine (5 eq., 505 mg, 1.93 mmol), N,

N-diethylazodicarboxyiate (5 eq., 303 pL, 1.93 mmol) and methanol (10 eq. 156 jiL, 3.85 mmol)

in THF. Washings were performed using THF (6 x 30 ml) followed by CH2CI2 (5 x 30 ml) and

the resin was dried under vacuum. The 2-nitrobenzene sulfonyl group was then removed using

1,8-diazabicyclo [5.4.0] undec-7-ene (3 eq., 173 yL, 1.16 mmol), 2-mercaptoethanol (5eq. 135

l&, 1.93 mmol) in DMF. Washings were performed usingDMF (3 x 30 ml), isopropanol (3 x 30

ml) followed by ethyl ether (3 x 30 ml) and the resin was dried under vacuum. The resulting N-

Me-2-Nal residue was subjected to four coupling cydes, one cycle each with Fmoc-Arg (Pmc)

(800 mg, \2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-Asp (OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was

carried through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2

mL valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successivelywith 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 flL ethanedithiol, 100 pL

dimethylsulfide, 250 \xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TEA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

235 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x20 cm) and eluted with a linear gradient of20-60% B (buffer A; 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detectioh 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 43 mg (10 %) of a

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

C57H75N11O8 cal: 1042 observed: m/z (1043 M+H).
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EXAMPLF. 34

Preparation ofCyclo(sucdnic add-Lys)-sucdnic acid-Apc-(D)Phe-Arg-Tip-LyS-I«JH2

Fmoc-Linker-BHAresin (720 mg, 0.4 mmol) from Example 29 were subjected to solid
phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in
DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) andHBTU (452 mg, 1 2
mmol), Fmoc-Apc (550 mg 12 mmol) and HBTU (452 mg, 0.6 mmol), Succinic anhydride (600
mg, 6 mmol) in DMF with 1.1 ml ofDIPEA.

The resin was filtered and washed successivelywith 50 ml each ofCH2C12 (two times),

isopropanol,andCH2Cl2 (three times). The resin was dried under vacuum to yield l.Og

Pentapetide resin. The pentapeptide resin was treated with 100 nL ethanedithiol, 100 uL
dimethykulfide, 250 anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl
ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude 1 product was dried under
vacuum to yield 220 mg ofan off-white solid. The crude peptide was subjected to cydization
without purification.

220 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl
morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the
cychzation was monitored byHPLC. Typically the cyclization was completed within 18-24 hours
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

5 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peakwas cutby

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 40 mg (11%) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Eectrospray

C49H63NHO7 cal: 918 observed: m/z (919 M+H).

10 EXAMPLE 35

Preparation of Cyclo(maleic acid-Lys)-maleic acid-Apc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) andHBTU (452 mg, 1.2

mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Maleic anhydride (600

20 mg, 6 mmol) in DMF with the addtion ofHOBT (800 mg, 6 mmol), without DIPEA. The resin

was filtered and washed successively with 50 ml each ofCH2CI2 (two times), isopropanol, and

CH2CI2 (three times). The resin was dried under vacuum to yield 1.0 g Pentapetide resin. The

pentapeptide resin was treated with 100 jiL ethanedithiol, 100 \iL dimethylsulfide, 250 jiL

anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was filtered

25 off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl ether. The precipitates

N
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were centrifuged and the ether layer decanted. The residue was washed with two or three

volumes ofEt20 and recentrifuged and the crude product was dried under vacuum to yield 230

mg ofan off-white solid. The crude peptide was subjected to cydization without purification.

230 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl

5 morpholine was added to have an apparentpH of 8.0. 280 mgofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 38 mg (11%) ofa

..
white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray .

C49H51N11O7 cal: 916 observed: m/z (917 M+H).

EXAMPLE 3fi

Preparation of Cyclo(phthalic add-Lys)-phthalic add-Apc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Lmker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as tie. Six coupling cydes were performed of
one cyde each with Fmoc-Lys (Boc) (565 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 12 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2
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mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Phthalic anhydride (660

mg, 6 mmol) in DMF with 1.1 ml ofDEPEA.

The resin was filtered and washed successively with 50 ml each ofCH2CI2 (two times),

isopropanol, and CH2CI2 (three times). The resin was dried under vacuum to yield l.Og

Pentapetide resin. The pentapeptide resin was treated with 100 fiL ethanedithiol, 100 pL

dimethylsulfide, 250 \iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 rain.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifiiged and the crude 1 product was dried under

vacuum to yield 220 mg ofan off-white solid. The crude peptide was subjected to cydization

without purification.

220 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and duted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 35 mg (10 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

CssHtfNnOy cal: 966 observed: m/z (967 M+H).
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EXAMPLE37

Preparation ofPenta-cydo(Asp-Lys)-Asp-4-OHApc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg 1.2 mmol), Fmoc-

Trp (520mg 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg 1.2 mmol)
and HBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

mmol), Fmoc-4-OHApc (565 mg 12 mmol) andHBTU (452 mg 12 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield l.lg ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jxL ethanedithiol, 100 uL

dimethyisulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 225 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

225 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 ul ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the
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cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac Cl8-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280nm The main peakwas cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (13%) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Hectrospray

C54H72N12O9 cat 1033 observed: mix (1034 M+H).

EXAMPLE 38

Preparation ofPenta-cyclo(Asp-Lys)-Asp-4-MeOApc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 12

mmol), Fmoc-4-MeOApc (600mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively
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with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2Q2 (three times). The resin was

dried under vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 ML ethanedithiol, 100 pL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

5 The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg ofan off-white solid The crude peptide was subjected to

cydization without purification.

10 235 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cydization was monitoredbyHPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

15 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN)in90 min., flow rate 8 ml/min, detection 280 run. The main peak was cutby

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 49 mg (12%) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

20 C55H74N12O9 cal: 1047 observed: m/z (1048 M+H).

EXAMPLE 39

Preparation ofPenta-cyclo(Asp-Lys)-Asp-4-EtOApc-(D)Phe-Arg-Trp-Lys-NH2
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) and HBTU (452 mg, 12 mmol), Fmoc-

5 Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-4-EtOApc (640mg 12 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

10 anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 pL

dimethylsulfide, 250 \H anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

15 The resin was filtered off, washed with -2 ml TFA, and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg ofan off-white solid. The crude peptide was subjected to

cydization without purification.

20 235 mg of the crude linear peptides was dissolved in 220 ml ofDMF, 500 |xL ofN-methyi

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitoredby HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC

25 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H2O, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 60 mg (14%) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

30 CseHyeNnOg cal: 1061 observed: m/z (1062 M+H).
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EXAMPLE 40

Preparation ofPenta-C7do(Asp-Lys)-Asp-4-iPrOApc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) and HBTU (452 mg, 12

mmol), Fmoc-4-iPrOApc (660mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 fiL ethanedithiol, 100 uL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TEA. and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg ofan off-white solid The crude peptide was subjected to

cydization without purification.
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260 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 yL ofN-metbyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

5 reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 63 mg (15%) ofa

10 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C57H78N12O9 cal: 1075 observed: m/z (1076 M+H).

15

EXAMPLE 41

Preparation ofPenta-cyclo(Asp-Lys)-Asp-3-MeOApc-(D)Phe-Axg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

20 one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-3-MeOApc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried
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through steps 1 - 5 ofprotocol 1, washed with CH2a2 (three times) and treated with 2 ml
valeric anhydride in 6% DIPEA/CH2Cl2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2a2 (two times), isopropanol, and CH2C12 (three times).

The resin was dried under vacuum to yield LI g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 1& ethanedithiol, 100 uL

dimethylsulfide, 250 uL anisole, and 10 ml trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 235 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

235 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 yL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 am. The main peak was cutby
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 49 mg (12%) ofa
white, amorphous powder. This compound was homogeneous byHPLC. LR-FJectrospray

C55H74N12O9 cal: 1047 observed: m/z (1048 M+H).
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EXAMPLE 42

Preparation ofPenta-cydo(Asp-Lys)-Asp-4-0

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-4-OApc (560 mg 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.0 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 ethanedithiol, 100 |iL

dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 230 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

7 ..
{

230 mg of the crude linear peptides was dissolved in 220 ml ofDMF, 500 \xL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

20

25
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flowrate 8 ml/min, detection 280 nm. The main peakwas cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophuized to yield 49 mg (12 %) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C54H71N12O8CI ; cal: 1051 observed: m/z (1052 M+H).

0 EXAMPLF. 43

Preparation ofPenta-cyclo(Asp-Lys)-Asp-4- MeApc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

mmol), Fmoc-4-MeApc (590mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
steps 1 - 5 ofprotocol 1, washed with CH2C12 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2a2 (two times), isopropanol, and CH2C12 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.
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The Pentyi-hexapeptide resin was treated with 100 ]xL ethanedithiol, 100 jiL

dimethylsulfide, 250 jlL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

5 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg ofan off-white solid The crude peptide was subjected to

cyclization without purification.

240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

10 cyclization was monitored byHPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was Oevaporated in vacuum, and the

resulting reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg ( 14 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

C55H74N12O8 cal: 1031 observed: m/z (1032 M+H).

20 EXAMPLE 44

Preparation ofPenta-cyclo(Glu-Lys)-Glu-Apc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

25 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
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one cyde each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452mg> L2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, U2
mmol), Fmoc-Apc (550 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Glu (OBut) (510
mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -

5 ofprotocol 1, washed with CH2C12 (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successivelywith 50 ml
each ofCH2CI2 (two times), isopropanol, and CH2C12 (three times). The resin was dried under

vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 jiL

dimethyisulfide, 250 ML anisole, and 10 ml trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in dulled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

undervacuum to yidd 255mg ofan off-white solid The crude peptide was subjected to

cydization without purification.

255 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 ]JiL ofN-methyl
morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and duted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby
analytical HPLC analysis ofcollected fractions, pooled and h/ophilized to yidd 60 mg (15%) ofa
white, amorphous powder. This compound was homogeneous by HPLC. LR-FJectrospray

C55H74N12O8 cal: 1031 observed: m/z (1032M+H).
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EXAMPLE45

Preparation ofPenta-qrclo(Asp-Orn)-Asp-Apc-(D)Phe-Arg-Trp-Orn-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Orn (Boc) (550 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.15 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 ethanedithiol, 100 fiL

dimethylsulfide, 250 |xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt2<3 and recentrifuged and the crude linear product was dried

under vacuum to yield 240mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \lL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

25 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
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10ml ofwater was added to stop the reaction, DMF was evaporated in vacou, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 53 mg (13%) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C53H70N12O8 cat 1003 observed: m/z (1004 M+H).

EXAMPLE 46

Preparation ofPenta-cyclo(Asp-Dbr)-Asp-Apc-(D)Phe-Arg-Trp-Dbr-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Dbr (Boc) (540 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. TheTesin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.10 g ofPentyl-hexapeptide resin.
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The Pentyi-hexapeptide resin was treated with 100 \iL ethanedithiol, 100 nL

dimethylsulfide, 250 \iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

5 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 220mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

220 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 fiL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

10 cyclization was monitored byHPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 run. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 35 mg (9 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CsaHesNnOg cal: 989 observed: m/z (990 M+H).

20 EXAMPLE 47

Preparation ofPenta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DEPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Dpr (Boc) (530 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,

1.2 mmol), Fmoc-Apc (550 mg 12 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.0 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedifhiol, 100 uL

dimethylsulfide, 250 jxL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

undervacuum to yield 200mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

200 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitoredbyHPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 on) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/HzO, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 30 mg (8%) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C5iH66Nl208 cal: 975 observed: m/z (976 M+H).
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Preparation ofAc-qrdo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL acetic

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.1 g ofAcetyi-hexapeptide resin.

The Acetyi-hexapeptide resin was treated with 100 \iL ethanedithiol, 100 |iL

dimethyisulfide, 250 jjL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 200mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

210 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 julL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

25 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 minM flow rate 8 mtymin, detection 280 nm, The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 28 mg (8%) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C48H6oN1208 cal: 933 observed: mjz (934 M+H).

EXAMPLE 49

Preparation ofCydo(phthalic add-Dpr)-phthalic add-Apc-(D)Phe-Arg-Tip-Dpr-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cydes were performed of

one cyde each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,

1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Phthalic anhydride

(660 mg, 6 mmol) in DMF with 1.1 ml ofDIPEA. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.0 g Pentapetide resin.

The pentapeptide resin was treated with 100 \iL ethanedithiol, 100 \iL dimethylsulfide, 250

llL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was
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filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl ether. The

precipitates were centrifuged and the ether layer decanted. The residue was washed with two or

three volumes ofEt20 and recentrifuged and the crude 1 product was dried under vacuum to

yield 220 mg ofan off-white solid. The crude peptide was subjected to cydization without

5 purification.

220 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \iL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

10 reaction mixture was purifiedby HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and duted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/GH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 30 mg (8 %) of a

15 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C50H57NHO7 cal: 924 observed: m/z (925 M+H).

EXAMPLE 50

Preparation ofCydo(succinic acid-Dpr)-succinic acid-Apc-(D)Phe-A^-Trp-Dpr-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),
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Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,
1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Succinic anhydride

(600 mg, 6 mmol) in DMF with 1.1 ml ofDIPEA. The resin was filtered and washed
successively with 50 ml each ofCH2a2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.0 g Pentapetide resin.

The pentapeptide resin was treated with 100 uL ethanedithiol, 100 pL dimethylsulfide, 250

HL anisole, and 10 mL trifluoroacetic add at room temperature for 180 rain. The resin was

filtered off, washed with ~2 ml TEA and the filtrates precipitated in chilled ethyl ether. The
precipitates were centrifiiged and the ether layer decanted. The residue was washed with two or
three volumes ofEt20 and recentrifuged and the crude 1 product was dried under vacuum to

yield 220 mg ofan off-white solid. The crude peptide was subjected to cydization without

purification.

220 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 fiL ofN-methyl

morpholinewas added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x20 cm) and duted with a linear gradient of20-60% B (bufferA: 0.1% TFA/H20, buffer B: 0.1%
TFA/CHjCN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis of collected fractions, pooled and lyophilized to yidd 31 mg ( 8 %) ofa
white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C46H57Nn07 cal:876 observed: m/z (877 M+H).
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Preparation ofCyclo(maleic acid-Dpr)-maleic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH2

Fmoc-Linker-BHA resin (720 mg, 0,4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Dpr (Boc) (530 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,

10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Maleic anhydride

(600 mg, 6 mmol) in DMF with the addtion ofHOBT (800 mg, 6 mmol), without DIPEA. The

resin was filtered and washed successivelywith 50 ml each ofCH2CI2 (two times), isopropanol,

and CH2CI2 (three times). The resin was dried under vacuum to yield 1.0 g Pentapetide resin.

The pentapeptide resin was treated with 100 nL ethanedithiol, 100 \xL dimethylsulfide, 250

15 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was

filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl ether. The

precipitates were centrifuged and the ether layer decanted. The residue was washed with two or

three volumes ofEt20 and recentrifuged and the crude product was dried under vacuum to yield

230 mg ofan off-white solid. The crude peptide was subjected to cydization without

20 purification.

230 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \xL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purifiedby preparative HPLC on a Vydac Cl8-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 28 mg (8 %) ofa
white, amorphous powder. This compound was homogeneous byHPLC. LR-FJectrospray

C46H55N11O7 cal: 874 observed: m/z (875 M+H).

EXAMPLE 52

Preparation ofPenta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-at-Trp-Lys-NH
2

. X).

Fmoc-Luiker-BHA resin (720mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Cit (480 mg,U mmol) and
HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),
Fmoc-Apc (550 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 - 5 of
protocol 1, washed with CH2C12 (three times) and treated with 2 mL valeric anhydride in 6%
DIPEA/CH2Cl2 for 30 minutes. The resin was filtered and washed successively with 50 ml each

ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.3 g ofPemyl-hexapeptide resin.
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The Pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 pL

dimethyisulfide, 250 anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifiiged and the crude linear product was dried

under vacuum to yield 300 mg ofan off-white solid. The crude peptide was subjected to

cydization without purification.

300 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 (iL ofN-methyi

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 80 mg (20%) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Sectrospray

C54H7iNii09 cal: 1018 observed: m/z (1019 M+H).

EXAMPLE 53

Preparation ofPenta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in
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DMF as the coupling agent and DEPEA (3 equhr.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Ala (380 mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol),
Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500 mg, 1.2

mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 - 5 of
protocol 1, washed with CH2CI2 (three times) and treated with 2 ml valeric anhydride in 6%
DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml each

ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.4 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 yL ethanedithiol, 100 fiL

dimethylsulfide, 250 uL anisole, and 10mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 330 mg ofan off-white solid. The crude peptide was subjected to

cydizau'on without purification.

330 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 ul ofN-methyi

morpholine was added to have an apparentpH of8.0. 280 mg ofBOP was added and the

cydizarion was monitored byHPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction,DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 87 mg (20%) ofa
white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

QiHssNiiOg cal: 932 observed: m/z (933 M+H).
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EXAMPLE 54

Preparation ofAc-Nle-qrdo(Cys-C7s)-C7S-Apc-(D)Phe-Arg-Trp-Cys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed

ofone cycle each with Fmoc-Cys (Trt) (710 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,

10 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Cys (Trt) (710

mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Nle (430, 1.2 mmol) and HBTU (452 mg,

1.2 mmol). The peptide resin was carried through steps 1 - 5 ofprotocol 1, washed with CH2CI2

(three times) and treated with 1 mL acetic anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The

resin was filtered and washed successively with 50 ml each ofCH2CI2 (two times), isopropanol,

15 and CH2CI2 (three times). The resin was dried under vacuum to yield 1.2 g ofAc-Heptapeptide

resin.

The Ac-heptapeptide resin was treated with 100 \lL ethanedithiol, 100 |lL dimethylsulfide,

250 anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was

filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl ether. The

20 precipitates were centrifuged and the ether layer decanted. The residue was washed with two or

three volumes ofEt20 and recentrifuged and the crudp linear product was dried under vacuum

to yield 250 mg ofan off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac C18-column (2.5 x

20 cm) and eluted with a linear gradient of 20-60% B (buffer A: 0.1% TFA/H2Q, buffer B: 0.1%
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TFA/CHjCN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peakwas cut by
analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 45 mg ofpurified
linear peptide.

The purified linear peptide was dissolved in 2 ml ofDMSO, diluted with 500 ml ofwater
and the pH was adjusted to pH 8.0 with NH4OH. 02 was bubbled into the solution and the
cydization was monitored by HPLC. Typically the cydization was completed within 24-48 hours.
The solution was lyophilized and the material dissolved in CH3COOH and was subjected to
preparative HPLC on a Vydac CIS-column (2.5 x 20 cm) and eluted with a linear gradient of20-

60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1% TFA/CH3CN) in 90 min., flowrate 8 ml/min,
detection 280 nm. The main peak was cut by analytical HPLC analysis ofcollected fractions,

pooled and lyophilized to yield 20 mg (4.7 %) ofpurified cyclic peptide. This compound wis
homogeneous by HPLC. LR-ElectrosprayQ^ToNnOgSi cal: 1067 observed: m/z (1068 M+H).

EXAMPLE §§

Preparation ofPenta-cycIo(Asp-Lys)-Asp-(D,L)-Atc-(D)Phe-Arg-Trp-Lys-NH
2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
DMP as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-(D,L)-Atc (510 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)
(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through
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steps 1 - 5 ofprotocol 1, washed with CH2Q2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.15 g ofPentyl-hexapeptide resin.

5 The Pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100

dimethylsulfide, 250 \xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

10 under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \iL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored byHPLC. Typically the cyclization was completed within 18-24 hours.

15 10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparativeHPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

20 analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 55 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

CszHdgNuOa cal: 989 observed: m/z (990 M+H).
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EXAMPLE56

Preparation ofPenta-(Asp-L7s)-Asp-5-BrAtc-(D)Phe-Arg-Tr
f>-L7s-NH2 (peak 1)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of
one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp
(OBut)(500mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treatedwith 2 mL
valeric anhydride in 6% DIPEA/CH2C12 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2C12 (two times), isopropanol, and CH2Q2 (three times).

The resin was dried under vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedithiol, 100 uL

dimethylsulfide, 240 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.
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240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 nL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B:

0.1% TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The firstmain peakwas

cut by analytical HPLC analysis ofcollected fractions, pooled and lyopMized to yield 26 mg (6

%) of a white, amorphous powder. This compound was homogeneous byHPLC. LR-

Electrospray CsaHeyNnOgBr cat 1068 observed: m/z (1069 M+H).

EXAMPLE 57

Preparation ofPenta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Arg-Trp-Lys-NH2 (peak 2)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cydes were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL
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valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedithiol, 100 uL

dimethylsulfide, 240 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg ofan off-white solid. The crude peptide was subjected to

cydization without purification.

240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purifiedby preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The second main peak was cut

by analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 20 mg (5 %) of
a white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C52H67Ni208Br cal: 1068 observed: m/z (1069 M+H).
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EXAMPLE 58

Preparation ofPenta-(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Arg-Trp-Lys-NH2 (peak 1)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cyde each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-5-Cl(D,L)Atc (560 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

15 The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jaL ethanedithiol, 100 yiL

dimethylsulfide, 250 \iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

25

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \lL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purifiedby preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The first main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 24 mg ( 6 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

CsaHeyNnOgCl cal: 1024 observed m/z (1025 M+H).

10 EXAMPLE 59

Preparation ofPenta-(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Arg-Trp-Lys-NH
2 (peak 2)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Axg (Pmc) (800 mg, 1.2 mmol)
andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp

20 (OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin. The Pentyl-

25 hexapeptide resin was treated with 100 uL ethanedithiol, 100 uL dimethylsulfide, 250 uL anisole,
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and 10 mL trifluoroacetic acid at room temperature for 180 min. The resin was filtered off,

washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl ether. The precipitates were

centrifuged and the ether layer decanted The residue was washed with two or three volumes of

Et20 and recentrifiiged and the crude linear product was dried under vacuum to yield 250 mg of

an off-white solid. The crude peptide was subjected to cyclization without purification.

250 mg of the crude linear peptides was dissolved in 220 ml ofDMF, 500 }lL ofN-methyi

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The second main peak was cut

by analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 20 mg ( 4 %)

of a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C52H67N1208C1 cal: 1024 observed: m/z (1025 M+H).

EXAMPLE 60

Preparation ofPenta-(Asp-Lys)-Asp-5-MeO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-
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Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 12

mmol), Fmoc-5-MeO-(D,L)Atc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

5 through steps 1 - 5 ofprotocol 1, washed with CH2G2 (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successivelywith 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL elhanedithiol, 100 uL

10 dimethylsulfide, 250 uL anisole, and 10 mL trifiuoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 mlTFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrimged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

15 cyclization without purification.

250 mg of the crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

20 reaction niixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN)in90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg (13 %) ofa

25 white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C53H70N12O9 cal: 1019 observed: m/z (1020 M+H).
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EXAMPLE 61

Preparation of Penta-(Asp-Lys)-Asp-^

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-5-EtO(DJL)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL
valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2G2 (three times).

The resin was dried under vacuum to yield 1.3 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 JXL ethanedithiol, 100 \£L

dimethylsulfide, 250 JiL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

260 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 fiL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the
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cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 run. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 58 mg (13 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C54H72N12O9 cal: 1033 observed: m/z (1034 M+H).

EXAMPLE 62

Preparation ofPenta-(Asp-Lys)-Asp-5-iPrO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-5-iPrO-(D,L)Atc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL
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vaIeric anhydride in 6% DEPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g ofPentyi-hexapeptide resin.

The Pentyi-hexapeptide resin was treated with 100 \lL ethanedithiol, 100 \iL

5 dimethylsulfide, 250 JlL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

10 cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 (iL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

15 reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 58 mg (13 %) ofa

20 white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C55H74Ni209 cal: 1047 observed: m/z (1048 M+H).
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Preparation ofPenta-(A5p-Lys)-Asp-5-Me-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 12 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 12

10 mmol), Fmoc-5-Me-(D,L)Atc (590 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

15 The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 \xL ethanedithiol, 100

dimethylsulfide, 250 anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

260 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 jxL ofN-methyi

25 morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the
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cyclization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

5 x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peakwas cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 62 mg (13 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray

C53H7flNi208 cal: 1003 observed: m/z (1004 M+H).

EXAMPLE 64

Preparation ofPenta-(Asp-Lys)-Asp-5-Et-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

15 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 12 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

20 mmol), Fmoc-5-Et-(D,L)Atc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 ihmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed
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successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2Q2 (three times).

The resin was dried under vacuum to yield 1.3 g ofPentyi-hexapeptide resin.

The Pentyi-hexapeptide resin was treated with 100 |xL ethanedithiol, 100 pL

dimethylsulfide, 250 \lL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifiiged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifiiged and the crude linear product was dried

under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cydization without purification.

245 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and duted with a linear gradient of20-60% B (buffer A; 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 55 mg (12 %) of a

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

C^aNuOgcal: 1017 observed: m/z (1018 M+H).
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EXAMPLE 65

Preparation ofPenta-(Asp-Lys)-Asp-5-iPr-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2

- Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

10 mmol), Fmoc-5-iPr-(D,L)Atc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successivelywith 50 ml each ofCH2CI2 (two times), isopropanol, and CH2Q2 (three times).

15 The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 pL

dimethylsulfide, 250 fiL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear productwas dried

under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

245 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \& ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the
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cyclization was monitoredby HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 54 mg (13 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray

C55H74N12O8 cal: 1031 observed: m/z (1032 M+H).

EXAMPLE 66

Preparation ofPenta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-at-Tip-Lys-NH2 (peak 1)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Cit (480mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three tunes) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.
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The Pentyi-hexapeptide resin was treated with 100 pL ethanedithiol, 100

dimethyisulfide, 240 jxL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted The residue was washed

5 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 260 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 jiL ofN-methyi

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

10 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The first main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 24 mg (5,6 %) of

a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CsaHesNaOgBrcal: 1069 observed: m/z (1070 M+H).

20 EXAMPLE 67

Preparation ofPenta-(Asp-Lys)-Asp-5-BrAtc-(D)Phe-at-Trp-Lys-NH2 (peak 2)

Fmoc-Linlter-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in
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DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-Cit (480 mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-5-Br-(D,L)Atc (620 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2G2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jlL ethanedithiol, 100 |lL

dimethylsulfide, 240 |xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt2<D and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

240 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 jjL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 m]/min, detection 280 nm. The second main peak was cut

by analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 22 mg (4.8 %)
ofa white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

CszH^NnOgBrcal: 1069 observed: m/z (1070 M+H).
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EXAMPLE 68

Preparation ofPenta-(A5p-Lys)-Asp-5-ClAtc-(D)Phe-Cit-Trp-Lys-NH2 (peak 1)

•N

N

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 12 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol)> Fmoc-Cit (480 mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol),

Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1-5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 pL

dimethylsulfide, 250 [iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

245 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 [it ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC Typically the cyclization was completed within 18-24 hours.
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10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-coIumn (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

5 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The first main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 22 mg (5.8 %) of

a white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C52H66NuO9Clcal:1024 observed: m/z (1025 M+H).

10 EXAMPLE 69

Preparation ofPenta-(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Cit-Trp-Lys-NH2 (peak 2)

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

15 DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cydes were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Tip (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Cit (480 mg, 1.2 mmol) and

HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-5-Cl-(D,L)Atc (560 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

20 (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield L2 g ofPentyl-hexapeptide resin.
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The Pentyi-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 fiL

dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifiiged and the ether layer decanted The residue was washed

5 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid The crude peptide was subjected to

cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

10 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 run. The second main peak was cut

by analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 20 mg ( 5.4 %)

ofa white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

C52H66NuO9acal:1024 observed: m/z (1025 M+H).

20 EXAMPLE 70

Preparation ofAc-Nle-cyclo(Cys-Cys)-Cys-(D,L)Atc-(D)Phe-Arg-Trp-Cys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in
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DMF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed

ofone cycle each with Fmoc-Cys (Trt) (710 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg,

1.2 mmol), Fmoc-(D,L)Atc (550 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Cys

(Trt) (710 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-Nle(430 mg ,1.2 mmol) and

HBTU (452 mg,1.2 mmo). The peptide resin was carried through steps 1-5 ofprotocol 1,

washed with CH2CI2 (three times) and treated with 1 mL acetic anhydride in 6%

DEPEA/CH2CI2 f°r 30 minutes. The resin was filtered and washed successively with 50 ml each

ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.0 g ofAc-Heptapeptide resin.

The Acetyl-hepta peptide resin was treated with 100 \iL ethanedithiol, 100 \lL

dimethylsulfide, 250 yL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA, and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg ofan off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac Cl8-column (2.5 x

20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg ofpurified

linear peptide.

The purified linear peptide was dissolved in 2 ml ofDMSO, diluted with 500 ml ofwater

and the pH was adjusted to pH 8.0 with NH4OH. 02 was bubbled into the solution and the

cyclization was monitored by HPLC. Typically the cydization was completed within 24-48 hours.

The solution was lyophilized and the material dissolved in CH3COOH and was subjected to

preparativeHPLC on a Vydac C18-column (2.5 x 20 cm) and eluted with a linear gradient of 20-

60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1% TFA/CH3CN) in 90 min., flow rate 8 ml/min,

detection 280 nm. The main peak was cut by analytical HPLC analysis of collected fractions,

pooled and lyophilized to yield 20 mg (5.0 %) ofpurified cyclic peptide. This compound was

homogeneous byHPLC LR-Electrospray CsiHesNuO^ cal: 1039 observed: m/z (1040 M+H).
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Preparation ofPenta-cydo(Cys-Cys)-Cys-5-Br(D>L)Atc-(D)Phe-Arg-Trp-Cys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Seven coupling cycles were performed

of one cycle each with Fmoc-Cys (Trt) (710 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2

mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg,

10 1.2 mmol), Fmoc-5-BrAtc (620 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Cys (Trt)

(710 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 of protocol 1, washed with CH2CI2 (three times) and treated with 1 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each of CH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.1 g ofAc-Heptapeptide resin.

The pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 jiL

dimethyisulfide, 250 JJL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA, and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 240 mg of an off-white solid.

This crude linear peptide was purified by preparative HPLC on a Vydac C18-column (2.5 x

20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by
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analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 50 mg ofpurified

linear peptide.

The purified linear peptide was dissolved in 2 ml ofDMSO, diluted with 500 ml ofwater

and the pH was adjusted to pH 8.0 with NH4OH. 02 was bubbled into the solution and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 24-48 hours.

The solution was lyophilized and the material dissolved in CH3COOH and was subjected to

preparative HPLC on a Vydac C18-column (2,5 x 20 cm) and eluted with a linear gradient of20-

60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1% TTA/CH3CN) in 90 min., flowrate 8 ml/min,

detection 280 nm. The main peak was cut by analytical HPLC analysis ofcollected fractions,

pooled and lyophilized to yield 22 mg (5.2 %) ofpurified cyclic peptide. This compound was

homogeneous by HPLC. LR-Electrospray C48H60N11O7S2 Br cal: 1047 observed: m/z (1048

M+H).

EXAMPLE 72

Preparation ofPenta-cyclo(Asp-Lys)-Asp-Appc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, L2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-Appc (550mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500

mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -
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5 ofprotocol 1, washed with CH2Q2 (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2Q2 for 30 minutes. The resin was filtered and washed successively with 50 ml

each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

5 The Pentyl-hexapeptide resin was treated with 100 \iL ethanedithiol, 100 fiL

dimethylsulfide, 250 \iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

10 under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

245 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \iL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

15 10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC.

This crude cyclic material was purifiedby preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peakwas cutby

20 analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 57 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray:

CssHyiNiaOg cat 1018 observed: m/z (1019 M+H).

25
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EXAMPLE 73

Preparation ofPenta-cyclo(Asp-Lys)-Asp-2-MeAppc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

10 mmol), Fmoc-2-MeAppc (570mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

15 dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jiL ethanedithiol, 100 pL

dimethylsulfide, 250 jiL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes of Et2<D and recentrifiiged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the
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cydization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm, The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 61 mg (15 %) of a

white, amorphous powder. This compound was homogeneous by HPLC. LR-Hectrospray:

QaH/aNiaOg cal: 1032 observed: m/z (1033M+H).

EXAMPLE 74

Preparation ofPenta-cyclo(Asp-Lys)-Asp-2-iPrAppc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DEPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 12 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-2-iPrAppc (600 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.
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The Pentyi-hexapeptide resin was treated with 100 fxL ethanedithiol, 100 flL

dimethyisulfide, 250 pL anisole, and 10 mL trifluoroacetic add at room temperature for 180 min.

The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifizged and the ether layer decanted. The residue was washed

5 with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 245 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

245 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 jtL ofN-methyi

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

10 cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

15 TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 52 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray:

C56H77N1308 cal: 1060 observed: m/z (1061 M+H).

20 EXAMPLE 75

Preparation ofPenta-cyclo(Asp-Lys)-Asp-3-MeAppc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in
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DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cyde each with Fmoc-Lys (Boc) (565 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU. (452 mg, 1.2

mmol), Fmoc-3-MeAppc (570mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 ethanedithiol, 100 \iL

dimethylsulfide, 250 \lL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 248 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

248 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 |xL ofN-methyi

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Hectrospray:

Cs^NbOs cal: 1032 observed: m/z (1033 M+H).
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EXAMPLE6

Preparation ofPenta-cydo(Asp-Lys)-Asp-4-MeAppc-(D)Phe-Arg-Tip-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-
Trp (520 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)
and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-4-MeAppc (570mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through

steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2G2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2Q2 (two times), isopropanol, and CH2CI2 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 1>L ethanedithiol, 100 uL

dimethylsulfide, 250 ul anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TEA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 254 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.
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254 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 fiL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified byHPLC

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 57 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-Hectrospray:

C54H73Ni308 cal: 1032 observed: m/z (1033 M+H).

EXAMPLE 77

Preparation ofPenta-cydo(Asp-Lys)-Asp-4-ClAppc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cydes were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmql), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-4-ClAppc (580 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut)

(500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through
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steps 1 - 5 ofprotocol 1, washed with CH2C12 (three times) and treated with 2 mL valeric

anhydride in 6% DIPEA/CH2a2 for 30 minutes. The resin was filtered and washed successively

with 50 ml each ofCH2C12 (two times), isopropanol, and CH2C12 (three times). The resin was

dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 uL ethanedithiol, 100 uL

dimethylsulfide, 250 uL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.
The resin was filtered off, washed with ~2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed
with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

undervacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 uL ofN-methyl
morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A; 0.1% TPA/H20, buffer B: 0.1%
TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby •

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yield 55 mg (14 %) ofa
white, amorphous powder. This compoundwas homogeneous by HPLC. LR-Electrospray.

C53H70N13O8CI cat 1032 observed: m/z (1033 M+H).
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EXAMPLE 78

Preparation ofPenta-cydo(Asp-Lys)-Asp-4-PIiOAppc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-4-PhOAppc (650 mg 1.2 mmol) and HBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL

valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 jjL ethanedithiol, 100 (XL

dimethylsulfide, 250 \xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 mm
The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 270 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.
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270 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \iL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

5 reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac Cl8-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 58 mg (13 %) ofa

10 white, amorphous powder. This compound was homogeneous byHPLC. LR-Hectrospray:

C59H75N13O9 cal: 1110 observed: m/z (1111 M+H).

EXAMPLE 79

Preparation ofPenta- (Asp-Lys)-Asp-3-MeO-Appc-(D)Phe-Arg-Trp-Lys-NH2

15

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

20 Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) and HBTU (452 mg, 1.2

mmol), Fmoc-3-MeOAppc (580 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp

(OBut) (500 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried

through steps 1 - 5 of protocol 1, washed with CH2CI2 (three times) and treated with 2 mL
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valeric anhydride in 6% DIPEA/CH2CI2 f°r 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times).

The resin was dried under vacuum to yield 1.2 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 yL ethanedithiol, 100 yL

5 dimethylsulfide, 250 |xL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

10 cydization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 yL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cydization was monitored by HPLC. Typically the cyclization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

15 reaction mixture was purifiedby HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 54 mg (13 %) ofa

20 white, amorphous powder. This compound was homogeneous byHPLC. LR-Electrospray:

C54H73N13O9 cal: 1048 observed: m/z (1049 M+H).

EXAMPLE 80

Preparation ofPenta-cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NH2

25
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Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cydes were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

5 Trp (520 mg, 12 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

mmol), Fmoc-Adpc (620 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500

mg, 1.2 mmol) and HBTU (452 mg, 12 mmol). The peptide resin was carried through steps 1 -

5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric anhydride in

10 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml

each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 1.1 g of Pentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 \iL ethanedithiol, 100

dimethylsulfide, 250 pL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

15 The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt20 and recentrifuged and the crude linear product was dried

under vacuum to yield 242 mg ofan off-white solid. The crude peptide was subjected to

.cyclization without purification.

20 242 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 pL ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored byHPLC Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

25 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x20cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H2O, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 48 mg (11%) of a

white, amorphous powder. This compound was homogeneous by HPLC. LR-Hectrospray:

30 CeoHyeNnOg cal: 1093 observed: m/z (1094 M+H).
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EXAMPLE81

Preparation ofPenta-qrclo(Asp-Lys)-Asp-Achc-(D)Phe-Arg-Trp-Lys-NH2

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

5 phase synthesis using Protocol 1 described above. All couplings were performed using HBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

10 mmol), Fmoc-Achc (560 mg 1.2 mmol) andHBTU (452 mg, 0.6 mmol), Fmoc-Asp (OBut) (500

mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -

5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml

each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

15 vacuum to yield 1.1 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 fiL ethanedithiol, 100 flL

dimethylsulfide, 250 \iL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

20 with two or three volumes ofEt2Q and recentrifuged and the crude linear product was dried

under vacuum to yield 250 mg ofan off-white solid. The crude peptide was subjected to

cyclization without purification.

250 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \iL ofN-methyl

morpholine was added to have an apparent pH of 8.0. 280 mg ofBOP was added and the
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cyclization was monitored byHPLC Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

5 x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis of collected fractions, pooled and lyophilized to yield 52 mg ( 13 %) of

a white, amorphous powder. This compoundwas homogeneous by HPLC. LR-Electrospray;

C54H78N1208 cal: 1023 observed: m/z (1024 M+H).

10

EXAMPLE 82

Preparation ofPenta-cydo(Asp-Lys)-Asp-Abc«(D) Phe-Arg-Trp-Lys-NH2

15 Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-

Trp (520 mg, 1.2 mmol) and HBTU (452 mg, 12 mmol), Fmoc-Arg (Pmc) (800 mg, 1.2 mmol)

20 and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol) andHBTU (452 mg, 1.2

mmol), Fmoc-Abc (530 mg 1.2 mmol) and HBTU (45,2 mg, 0.6 mmol), Fmoc-Asp (OBut) (500

mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was carried through steps 1 -

5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2 mL valeric anhydride in

6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed successively with 50 ml
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each ofCH2CI2 (two times), isopropanol, and CH2CI2 (three times). The resin was dried under

vacuum to yield 13 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 pL ethanedithiol, 100 pL

dimethylsulfide, 250 jxL anisole, and 10 mL trifluoroacetic acid at room temperature for 180 min.

The resin was filtered off, washed with -2 ml TFA and the filtrates precipitated in chilled ethyl

ether. The precipitates were centrifuged and the ether layer decanted. The residue was washed

with two or three volumes ofEt2<D and recentrifuged and the crude linear product was dried

under vacuum to yield 255 mg ofan off-white solid. The crude peptide was subjected to

cydization without purification.

255 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 [iL ofN-methyl

morpholine was added to have an apparent pH of8.0. 280 mg ofBOP was added and the

cydization was monitored byHPLC Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum and the resulting

reaction mixture was purified by HPLC.

This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and duted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cutby

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 58 mg (14 %) ofa

white, amorphous powder. This compound was homogeneous by HPLC. LR-EIectrospray

C52H76Ni208 cal: 997 observed; m/z (998 M+H).

EXAMPLE 83

Preparation ofPenta-cydo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2S,3S) beta methy!-Trp-Lys-NH2

0
I

o
N



WO 02/18437 PCT/EP01/09630

-209-

Fmoc-Linker-BHA resin (720 mg, 0.4 mmol) from Example 29 were subjected to solid

phase synthesis using Protocol 1 described above. All couplings were performed usingHBTU in

DMF as the coupling agent and DIPEA (3 equiv.) as base. Six coupling cycles were performed of

one cycle each with Fmoc-Lys (Boc) (565 mg, \2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-

5 (2S,3S) beta methyl (nMes)Trp (616 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol), Fmoc-Arg

(Pmc) (800 mg, 1.2 mmol) and HBTU (452 mg, 1.2 mmol), Fmoc-(D)Phe (480 mg, 1.2 mmol)

andHBTU (452 mg, 1.2 mmol), Fmoc-Apc (550 mg 1.2 mmol) and HBTU (452 mg, 1.2 mmol),

Fmoc-Asp (OBut) (500 mg, 1.2 mmol) andHBTU (452 mg, 1.2 mmol). The peptide resin was

carried through steps 1 - 5 ofprotocol 1, washed with CH2CI2 (three times) and treated with 2

10 mL valeric anhydride in 6% DIPEA/CH2CI2 for 30 minutes. The resin was filtered and washed

successively with 50 ml each ofCH2CI2 (two times), isopropanol, and CH2Q2 (three times).

The resin was dried under vacuum to yield 1.0 g ofPentyl-hexapeptide resin.

The Pentyl-hexapeptide resin was treated with 100 |xL ethanedithiol, 100

dimethylsulfide, 250 pi anisole, and 10 mL HF at 0C for 60 min. HF was evaporated, and the

15 resin was washed with ethylacetae filtered off, washed with -5 ml TEA and the filtrates

precipitated in chilled ethyl ether. The precipitates were centrifoged and the ether layer

decanted. The residue was washed with two or three volumes ofEt20 and recentrifuged and the

crude linear product was dried under vacuum to yield 180 mg ofan off-white solid. The crude

peptide was subjected to cydization without purification.

20 180 mg ofthe crude linear peptides was dissolved in 220 ml ofDMF, 500 \£L ofN-methyl

morpholine was added to have an apparentpH of 8.0. 280 mg ofBOP was added and the

cyclization was monitored by HPLC. Typically the cydization was completed within 18-24 hours.

10 ml ofwater was added to stop the reaction, DMF was evaporated in vacuum, and the resulting

reaction mixture was purified by HPLC.

25 This crude cyclic material was purified by preparative HPLC on a Vydac C18-column (2.5

x 20 cm) and eluted with a linear gradient of20-60% B (buffer A: 0.1% TFA/H20, buffer B: 0.1%

TFA/CH3CN) in 90 min., flow rate 8 ml/min, detection 280 nm. The main peak was cut by

analytical HPLC analysis ofcollected fractions, pooled and lyophilized to yidd 40 mg (10%) of a

white, amorphous powder. This compound was homogeneous by HPLC. LR-Electrospray

30 C55H74N12O8 cal: 1031 observed: m/z (1032 M+H).
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Example A: Agonist Assay

Method

Description: HEK 293 cells transfected with either the MC-4 receptor or MC- 1 receptor were

grown in 96 well plates. The cells were stimulated with either lOOnM NDP-OMSH or screening

compounds. CyclicAMP was extracted from the cells and concentrations were determined using

a Biotrak-cAMP SPA assay. Agonists were identified as those compounds causing an increase in

cAMP.

Cell Culture: HEK 293 cells transfected with either the MC-4 receptor or MC-1 receptor were

cultured in 75cm flasks in D-MEM supplemented with 10% FCS and 500fig/ml G418. Cells were

trypsinized and split 1:3 into 96 well flat-bottom tissue culture treated plates. Cells were

stimulated at confluence (day 2-4).

cAMP Response : Compounds serially diluted in 100% DMSO were further diluted 1:200 (2.5JL11

compound dilution + 500pl media) inD-MEM containing 10%FBS and O.lmM IBMX. For

unstimulated cells, 2.5pl ofDMSO was added to 500JJJ of media. For NDP-OCMSH stimulated

cells, 2.5JLU of 20JXM NDP-OCMSH in 100% DMSO was added to 500|LU of media (final cone.

lOOnM). Final concentration ofDMSO in all wells was 0.5%.

Note: Each sample was run in duplicate on separate plates

Culture medium was removed from confluent 96 well culture plates and replaced with 200|Jl of

above dilutions into the appropriate wells . The plates were incubated for lhr at RT. The media

was removed, and the plates were washed lx with 200^1 well of PBS. CAMP was extracted by

the addition of 60jjl1 70% ethanol (stored in the refrigerator). After a 30min extraction period,

lO^i] ethanol extract was transfeired to the cAMP assay plate or samples were stored at -20°C

until the cAMP assay was performed.
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cAMP Assay: The extracted samples and all reagents included in the kit were brought to room

temperature. To a 96 well OptiPlate, lO^il ethanol extract, 40^1 assay buffer, 50ul [125I]cAMP,

50^1 antiserum and 50jil SPA beads were added. The total well volume after addition was 200|ul.

The plates were sealed and incubated for 15-20 hr at room temperature. [125I]cAMP binding to

5 the SPA beads was determined by counting each plate for 2 minutes on a Packard TopCount™.

Note: Each plate contained samples of controls for unstimulated cells and NDP-OCMSH for

stimulated cells.

10 The results are shown in the following table I.

Table I:

Example Compounds MC-l(EC50nM)
MC-4(EC50nM)

30 Ac-Nle-CvcWD-IO-Asd-His-(T)}Phe-Arp-Tid-Lvs-At lilt VJJ V»4V/ ^ JU^ J JLXOL/ J. J, l\> JJ. Alt' J

NH2

0.6 0.6

31 Penta-Cyclo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH2 654 9.2

32 Penta-Cyclo(D-K)-A5p-Apc-(D)Phe-Axg-(2)Nal-Lys-

NH2

310 7

34 C7do(succ-K)-sucdnic-Asp-Apc-(D)Phe-Arg-Trp-Lys-

NH2

985 6.4

35 Cydo(maleic-K)-maleic-Asp-Apc-(D)Phe-Arg-Tip-

Lys-NH2

2.9

36 Cyclo(phthalic-K)-phthalic-Asp-Apc-(D)Phe-Arg-Trp-

Lys-NH2

2150 3.1

38 Penta-Cydo(D-K)-Asp-4-MeOApc-(D)Phe-Axg-Trp-

Lys-NH2

999,999 8.4

40 Penta-Cyclo(D-K)-Asp-4-iPrOApc-(D)Phe-Arg-Trp-

Lys-NH2

50%@50pM 6.1

41 PenU-Cyclo(D-K)-Asp-3-MeOApc-(D)Phe-Axg-Trp- 76 15
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Lys-NH2

42 Penta-C7do(D-K)-Asp4-ClApc-(D)Phe-Arg-Trp-Lys-

NH2

796 2.2

43 Penta-Cyclo(D-K"Asp-4-MeApc-(D)Phe-Arg-Trp-Lys-

NH2

719 2.2

44 Penta-C7do(D-K)-Glu-Apc-(D)Phe-Arg-Trp^Lys-

NH2

168 1.3

45 Penta-Cydo(D-K)-Asp-Apc-(D)Phe-Arg-Tip-Orn-

NH2

154 1.1

46 Penta-Cydo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Dbr-

NH2

848 2.5

47 Penta-Cydo(D-K)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-

NH2

1180 6.9

48 Ac-Cydo(D-K)-Asp-Apc(D)Phe-Aig-Trp-Dpr-NH2 2969 7.4

59 Penta-Cydo(D-K)-Asp-5ClAtc-(D)Phe-Arg-Tip-Lys-

NH2

2130 (PA) 4

60 Penta-Cydo(D-K)-As-5-MeO(D,L)Atc-(D)Phe-Arg-

Trp-Lys-NH2

. 4.8

62 Penta-Cydo(D-K)-As-5-iPrO(DJ,)Atc-(D)Phe-Arg-

Trp-Lys-NH2

7.3

64 Penta-Cydo(D-K)-As-5-Et(DJ.)Atc-(D)Phe-Arg-Trp-

Lys-NH2

422 8.4

65 PenU-Cydo(D-K)-As-5-iPr(DJL)Atc-(D)Phe«Arg-Trp-

Lys-NH2

6.7

72 Penta-Cydo(D-K)-Asp-Appc-(D)Phe-Arg-Trp-Lys-

NH2

268 3.6

73 Penta-Cydo(D-K)-Asp-2-MeAppc-(D)Phe-Arg-Trp-

Lys-NH2

213 3.2
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74 Penta-Cyclo(D-K)-Asp-2-iPtAppc-(D)Phe-Arg-Tip-

Lys-NH2

10

75 Penta-Cydo(D-K)-Asp-3-MeAppc-(D)Phe-Arg-Tip-

Lys-NH2

221 2.6

76 Penta-Cyclo(D-K)-Asp-4-MeAppc-(D)Phe-Arg-Trp-

Lys-NH2

770 6.3

77 Penta-Cydo(D-K)-Asp-4-OAppc-(D)Phe-Arg-Trp-

Lys-NH2

330 9.1

78 Penta-Cyclo(D-K)-Asp-4-PhOAppc-(D)Phe-Arg-Trp-

Lys-NH2

6.7

79 Penta-Cyclo(D-K)-Asp-3~MeOAppc-(D)Phe-Arg-Trp-

Lys-NH2

4.7

81 Penta-Cydo(D-K)-Asp-Achc-(D)Phe-Arg-Trp-Lys-

NH2

160 6.3

82 Penta-Cydo(D-K)-Asp-Abc-(D)Phe-Axg-Trp-Lys-NH2 941 4.2

83 Penta-Cydo(D-K)-Asp-Ape-(D)Phe-Arg-Trp-Lys-NH2 510 1.4

Example B: Injection solutions may have the following composition:

Compound offormula I 3.0 mg

Gelatine 150.0 mg

Phenol 4.7 mg

Water for injection solutions ad 1 .0 ml
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CLAIMS

A compound ofthe formula:

Q LmH

wherein

R l and R12
together with X and Y form a phenyl ring and X is C and Y is C, or

R l

is hydrogen,

R2 (NH)n C:—NH ,
or R 14

IT"""" i . ..

0 R2 C-NH-CH C-NH ;
and

R12
is hydrogen, with eitherX and Y being each C and the bond between X and Y being a

double bond, or with X and Y being each CH and the bond between X and Y being a

single bond;

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms

;

R 14
is alkyl having from 1 to 5 carbon atoms;

n is 0 or 1; and

Q is

SUBSTITUTE SHEET (RULE 26)
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wherein R3
, R4

and R5
are independently hydrogen, halo, alkyl having from 1 to 4

carbon atoms, hydroxy or alkoxy having from 1 to 4 carbon atoms, wherein when R4
is

not hydrogen, R3
and R5

are both hydrogen; and

R6
is hydrogen, alkyl having from 1 to 3 carbon atoms, alkoxy having from 1 to 3

carbon atoms, phenoxy, or halo;

R11
and R13

are each independently hydrogen, alkyl having 3 or 4 carbons, cycloalkyl

having 5 or 6 carbon atoms, or R 11
and R13

are both phenyl;

R7 isOorNH;

R8
is hydrogen or methyl;

10 R9
is

CH-R" 9H2
I

CO-CO
CHz

\

R10
is hydrogen or methyl;

p is 0 or 1;

m is 0, 1, 2, or 3; and

O

II

15 z is
-C-NH— or —s—S— ; and

R17
is hydrogen or lower alkyl

and pharmaceutically acceptable salts thereof.

20 2. A compound ofthe formula:

SUBSTITUTE SHEET (RULE 26)
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wherein

R 1

and R12
together with X and Y form a phenyl ring and X is C andY is C, or

R 1

is hydrogen,

R2 (NH)n C NH , or
q »u

Q

O R2—C-NH-CH C-NH ;
and

R12
is hydrogen, with either X and Y being each C and the bond between X and Y being a

double bond, or with X and Y being each CH and the bond between X andY being a

single bond;

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms;

Ru is alkyl having from 1 to 5 carbon atoms;

n is 0 or 1;

R3
, R4

and R5
are independently hydrogen, halo, alkyl having from 1 to 4 carbon atoms,

hydroxy, or alkoxy having from 1 to 4 carbon atoms; wherein when R4
is not

hydrogen, R3 and R5
are both hydrogen;

R7 isOorNH;

R8
is hydrogen or methyl;

R9
is

SUBSTITUTE SHEET (RULE 26)
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R is hydrogen or methyl;

p is 0 or 1;

m is 0, 1, 2, or 3; and

Z is

0

ii—C— NH or S S ;
and

R17
is hydrogen or lower alkyl

and pharmaceutical^ acceptable salts thereof. »

The compound of claim 2, wherein X and Y are each CH and the bond between X and Y is

a single bond; Z is

O

ii—C—NH
R7

isO;

Rl
is

O

I

R2—C—NH .

R2
is alkyl having from 1 to 5 carbon atoms; and

R10
and R12

are both hydrogen.

The compound ofclaim 3, Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Cit-Trp-Lys-NH2.

The compound of claim 2, wherein Z is

O

II—C—NH

R7
is NH;

R1

is hydrogen,

R2 (NH)n C—NH
,
or

jj

R14

O R2 C-NH-CH-

R2
is alkyl; and

SUBSTITUTE SHEET (RULE 26)
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R10
and R 12

are both hydrogen; and n and R14
are as defined in claim 2.

6. The compound of claim 5, wherein X and Y are each CH and the bond between X and Y is

a single bond; n is 0; and R9
is

7. The compound of claim 6, Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2)Nal-Lys-NH2

or penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-N-methyl(2)Nal-Lys-NH2.

10 8. The compound of claim 5, wherein Z is

O

—C—NH
R7

is NH; Rl

is

R2 (NH)n 1 NH
;

O

R2
is alkyl; and R10

and R12
are both hydrogen; R9

is

CH-R17

and R is as defined in claim 2.

9. The compound of claim 5, wherein X and Y are each CH and the bond between X andY is

a single bond; and one ofR3
, R4

and R5
is hydrogen, halo or alkyl and the remainder are

20 hydrogen.

SUBSTITUTE SHEET (RULE 26)
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10. The compound of claim 9, Penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-Trp-Lys-NH2 ,

penta-cyclo(Asp-Lys)-Asp-4- MeApc-(D)Phe-Arg-Trp-Lys-NH2,

penta-cyclo(Glu-Lys)-Glu-Apc-(D)Phe-Arg-Trp-Lys-NH2 ,

penta«cyclo(Asp-Orn)-Asp-Apc-(D)Phe-Arg-Trp-Orn-NH2 ,

5 penta-cyclo(Asp-Dbr)-Asp-Apc-(D)Phe-Arg-Trp-Dbr-NH2>

penta-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2 , or

Ac-cyclo(Asp-Dpr)-Asp-Apc-(D)Phe-Arg-Trp-Dpr-NH2.

1 1 . The compound of claim 8, whereinX and Y are each CH and the bond between X and Y is a

10 single bond; and R l

is

p2 {NH)n
jj

NH
;

O

one ofR3
, R4

and R5
is alkoxy, and the remainder are hydrogen; and n is 0.

12. The compound of claim 11,

15 Penta-cyclo(Asp-Lys)-Asp-4-MeOApc-(D)Phe-Arg-Trp-Lys-NH2,

penta-cyclo(Asp-Lys)-Asp-4-EtOApc-(D)Phe-Arg-Trp-Lys-NH2,

penta-cyclo(Asp-Lys)-Asp-4-iPrOApc-(D)Phe-Arg-Trp-Lys-NH2,

penta-cyclo(Asp-Lys)-Asp-3-MeOApc-(D)Phe-Arg-Trp-Lys-NH2,

penta-cyclo(Asp-Lys)-Asp-4-OHApc-(D)Phe-Arg-Trp-Lys-NH2, or

20 penta-cyclo(Asp-Lys)-Asp-4-ClApc-(D)Phe-Arg-Trp-Lys-NH2.

13. The compound of claim 8, wherein each ofRl

, R
3

, R
4

, R
5
> R8

and R10
is hydrogen;

R7
is NH;

R9
is

p is 0; and R is as defined in claim 2.

SUBSTITUTE SHEET (RULE 26)
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14. The compound of claim 14, Cyclo(succinic acid-Lys)-succinic acid-Apc-(D)Phe-Arg-Trp-

Lys-NH2 ,

Cyclo(maleic acid-Lys)-maleic arid-Apc-(D)Phe-Arg-Trp-Lys-NH2,

Cyclo(succinic acid-Dpr)-succinic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH2, or

Cyclo(maleic acid-Dpr)-maleic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH2.

15. The compound ofclaim 2, wherein Rl and R12
together withX and Y form a phenyl ring.

16. The compound of claim 1 5, Cyclo(phthalic acid-Lys)-phthalic acid-Ape-(D)Phe-Arg-Trp-

Lys-NH2 , or cyclo(phthalic acid-Dpr)-phthalic acid-Apc-(D)Phe-Arg-Trp-Dpr-NH2, or

Ac-Nle-cyclo(Cys-Cys)-Cys-Apc-(D)Phe-Arg-Trp-Cys-NH2 .

17. A compound of the formula:

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms;

R14
is alkyl having from Ito 5 carbon atoms;

n is 0 or 1;

wherein

R is hydrogen,

SUBSTITUTE SHEET (RULE 26)
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R6
is hydrogen, alkyl having from 1 to 3 carbons, alkoxy having from 1 to 3 carbons,

phenoxy, or halo;

R7 isOorNH;

R8
is hydrogen or methyl;

5 R9
is

or

R10
is hydrogen or methyl;

p isOorl;

10 m is 0, 1,2, or 3; and

Z is

O

_C_NH— or —S—S—

;

and

R17
is hydrogen or lower alkyl and pharmaceutically acceptable salts thereof.

15 18. The compound of claim 19, wherein Z is

0

—C—NH-

R7
is NH;

R'is

O

R2—C—NH— ,

20 R2
is alkyl;

R8 and R10
are each hydrogen; and

R'is

SUBSTITUTE SHEET (RULE 26)
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CH-R"

R 17
is as defined in claim 2.

19. The compound of claim 18, wherein R6
is hydrogen or alkyl.

20. The compound of claim 19, Penta-cyclo(Asp-Lys)-Asp-Appc-(D)Phe-Arg-Trp-L7S-NH2 ,

Penta-cyclo(Asp-Lys)-Asp-2-MeAppc-(D)Phe-Arg-Trp-Lys-NH2 ,

Penta-cyclo(Asp-Lys)-Asp-2-iPrAppc-(D)Phe-Arg-Trp-Lys-NH2,

Penta-cyclo(Asp-Lys)-Asp-3-MeAppc-(D)Phe-Arg-Trp-Lys-NH2 , or

Penta-cyclo(Asp-Lys)-Asp-4-MeAppc-(D)Phe-Arg-Trp-Lys-NH2 .

2 1 . The compound of claim 19, wherein R6
is halo.

22. The compound of claim 23, Penta-cyclo(Asp-Lys)-Asp-4-ClAppc-(D)Phe-Arg-Trp-Lys-

NH2 .

23. The compound of claim 20, wherein R6
is alkoxy or phenoxy.

24. The compound of claim 24, Penta-cyclo(Asp-Lys)-Asp-4-PhOAppc-(D)Phe-Arg-Trp-Lys-

NH2 , or Penta-cyclo (Asp-Lys)-Asp-3-MeO-Appc-(D)Phe-Arg-Trp-Lys- NH2.

25. A compound of the formula:

SUBSTITUTE SHEET (RULE 26)
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5 R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms;

R14
is alkyl having from 1 to 5 carbon atoms;

n is 0 or 1;

Ru and R13
are each independently hydrogen, alkyl having 3 or 4 carbon atoms, or

10 cycloalkyl having 5 or 6 carbon atoms or Ru and R13
are both phenyl;

R7 isOorNH;

R8
is hydrogen or methyl;

R9
is

15 R is hydrogen or methyl;

p is 0 or 1;

m is 0, 1, 2, or 3; and

Z is

O

ii—C— NH or S— S
;
and

SUBSTITUTE SHEET (RULE 26)
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R is hydrogen or lower alkyl and pharmaceutical acceptable salts thereof.

26. The compound ofclaim 25, wherein Z is.

O

—C—NH
R7

is NH;

Rl
is

O

R2—C—NH-

R2
is alkyl;

R" and R10
are each hydrogen; and

10 R9
is

CH-R17

; and

R17
is hydrogen or lower alkyl.

27. The compound of claim 26, wherein one ofRM and R13
is alkyl or cycloalkyl and the other

15 is hydrogen.

28. The compound of claim 27, penta-cyclo(Asp-Lys)-Asp-Achc-(D)Phe-Arg-Trp-Lys-NH2,

or penta-cyclo(Asp-Lys)-Asp-Abc-(D) Phe-Arg-Trp-Lys-NH2-

20 29. The compound of claim 26,'wherein R1

1

and R13
is phenyl and the other is hydrogen or

phenyl.

30. The compound of claim 29, penta-cyclo(Asp-Lys)-Asp-4-Adpc-(D)Phe-Arg-Trp-Lys-NH2 .

SUBSTITUTE SHEET (RULE 26)
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31. A compound of the formula:

10

15

(CHa)m

yj I

/ O R9 Rio /

I—MM
R3

R4 W NH2

wherein

R 1

is hydrogen,

R2 (NH)„-P or

R,
i r i

R2 C-NH-CH C-N

R2
is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon atoms, or

alkynyl having from 2 to 5 carbon atoms;

R14
is alkyl having from 1 to 5 carbon atoms;

n is 0 or 1;

one ofR3

, R
4
, R5

and R6
is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy

having from 1 to 3 carbon atoms, and the remainder are hydrogen;

R7 isOorNH;
Q

R is hydrogen or methyl;

R9
is

R10
is hydrogen or methyl;

p isOorl;

m is 0, 1, 2, or 3; and

Z is

SUBSTITUTE SHEET (RULE 26)
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O

—C— NH or S S
;
and

R17
is hydrogen or lower alkyl and pharmaceutically acceptable salts thereof.

32. The compound of claim 3 1 , wherein Z is

O

—C—NH
.

O

R2—C—NH .

R2
is alkyl;

R\ R4
, R5

, R8
and R10

are each hydrogen;

R6
is hydrogen, halo, alkyl having from 1 to 3 carbon atoms, or alkoxy having from 1 to 3

carbon atoms; and

R9
is

CH-Ri?

V
and R17

is as defined in claim 31.

33. The compound of claim 32, wherein R7
is NH.

34. The compound of claim 32, wherein R6
is hydrogen or alkyl.

35. The compound of claim 34, penta-cyclo(Asp-Lys)-Asp-(D,L)-Atc-(D)Phe-Arg-Trp-Lys-

NH2 ,

penta-cyclo(Asp-Lys)-Asp-5-Me-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2 ,
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penta-cyclo(Asp-Lys)-Asp-5-Et-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2, or

penta-cyclo(Asp-Lys)-Asp-5-iPr-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2 .

36. The compound of claims 31 to 33, wherein R6
is halo.

37. The compound of claim 36, penta-cyclo(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Arg-Trp-Lys-

NH2, or penta-cyclo(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Arg-Trp-Lys-NH2 .

38. The compound of claims 31 to 33, wherein R6
is alkoxy.

39. The compound of claim 38, penta-cyclo(Asp-Lys)-Asp-5-MeO-(D,L)Atc-(D)Phe-Arg-Trp-

Lys-NH2,

penta-cyclo(Asp-Lys)-Asp-5-EtO-(DJL)Atc-(D)Phe-Arg-Trp-Lys-NH2 , or

penta-cyclo(Asp-Lys)-Asp-5-iPrO-(D,L)Atc-(D)Phe-Arg-Trp-Lys-NH2 .

40. The compound ofclaims 31 or 32, wherein R7
is O and R6

is halo.

41. The compound ofclaim 40, penta-cyclo(Asp-Lys)-Asp-5-BrAtc-(D)Phe-Cit-Trp-Lys-NH2 ,

or penta-cyclo(Asp-Lys)-Asp-5-ClAtc-(D)Phe-Cit-Trp-Lys-NH2 .

42. The compound of claim 31, wherein Z is -S-S-

;

R is

R2 (NH)n
-

O

: NH ,
or

R3
, R

4
, R

5

, R8
and R10

are hydrogen;

R6
is hydrogen or halo;

R7
is NH;

R9
is
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CH-R17

wherein R is as above.

43. The compound of claim 42, Ac-Nle-cyclo(Cys-Cys)-Cys-(D,L)Atc-(D)Phe-Arg-Trp-Cys-

NH2 ,

penta-cyclo(Cys-Cys)-Cys-5-Br(D,L)Atc-(D)Phe-Arg-Trp-Cys-NH2 ,

penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Ala-Trp-Lys-NH2 , or

penta-cyclo(Asp-Lys)-Asp-Apc-(D)Phe-Arg-(2S,3S) beta methyl-Trp-Lys-NH2 .

44. A process for the preparation of a compound of the formula:

wherein

R 1

to R12
, m, p, Q, X,Y and Z are as defined in claims 1 to 43

by formation of a lactam bond or a disulfide bond at the Z position of the precursor linear

peptides.

.45. A pharmaceutical composition comprising compounds according to any one of claims 1-

43 and a therapeutical inert carrier.
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46. Use ofcompounds according to any of claims 1 to 43 for the preparation of medicaments

for the treatment and/or prophylaxis of diseases which are associated with melanocortin-4-

receptor activity.

47. A method for the treatment and/or prophylaxis ofdiseases which are associated with

melanocortin-4-receptor activity, which method comprises administering a compound

according to any ofclaims 1 to 43 to a human being or animal.

48. The use or method ofclaims 46 or 47 wherein the disease is obesity.

49. A compound to any one of claims 1-43 when manufactured by a process according to

claim 44.

50. Compounds according to any of claims 1 to 43 for use as therapeutic active substances,

particularly as therapeutic active substances for the treatment and/or prophylaxis of

diseases which are associated with melanocortin-4-receptor.

51. The novel compounds, novel pharmaceutical compositions and processes as well as the use

ofsuch compounds substantially described herein before.
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